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FOAM.* 

By  the  Right  Hon.  LORD  RAYLEIGH,  M.A.,  D.C.L.,  LL.D., 
E.K.S.,  Professor  of  Natural  Philosophy,  R.I. 

When  I  was  turning  over  in  my  mind  the  subjedt  for  this 
evening,  it  occurred  to  me  to  take  as  the  title  of  the  ledure, 
“  Froth.”  But  I  was  told  that  a  much  more  poetical  title 
would  be  “  Foam,”  as  it  would  so  easily  lend  itself  to  ap¬ 
propriate  quotations.  I  am  afraid,  however,  that  I  shall 
not  be  able  to  keep  up  the  poetical  aspecfr  of  the  subjedt 
very  long  ;  for  one  of  the  things  that  I  shall  have  most  to 
insist  upon  is  that  foaming  liquids  are  e.-sentially  impure, 
contaminated— in  fadt,  dirt)'.  Pure  liquids  will  not  foam. 
If  I  take  a  bottle  of  water  and  shake  it  up,  I  shall  get  no 
appreciable  foam.  If,  aga:n,  I  take  pure  alcohol,  I  get  no 
foam.  But  if  I  take  a  mixture  of  water  with  5  per  cent, 
of  alcohol  there  is  a  much  greater  tendency.  Some  of  the 
liquids  vve  are  most  familiar  with  as  foaming,  such  as  beer 
or  ginger-beer,  owe  the  conspicuousness  of  the  property 
to  the  development  of  gas  in  the  interior,  enabling  the 
foaming  property  to  manifest  itself ;  but  of  course  the  two 
things  are  quite  distir.dh  Dr.  Gladstone  proved  this  many 
years  ago  by  showing  that  beer  from  which  all  the  car¬ 
bonic  acid  had  been  txtradled  in  vacuo  still  foamed  on 
shaking  up.  I  new  take  another  not  quite  pure  but  strong 
liquid,  aceiic  acid,  and  from  it  we  shall  get  no  more  foam 
than  we  did  from  the  alcohol  or  the  water.  The  bubbles, 
as  you  see,  break  up  instantaneously.  But  if  I  take  a 
weaker  acid,  the  ordinary  acid  of  commerce,  there  is  more, 
though  still  not  much,  tendency  to  foam.  But  with  a 
liquid  which  for  many  purposes  may  be  said  to  contain 
practically  no  acetic  acid  at  all,  seeing  that  it  consists  of' 
water  with  but  i-ioooth  part  of  acid,  the  tendency  is  far 
stionger:  and  we  get  a  very  perceptible  amount  of  foam. 
These  tests  with  the  alcohol  and  acetic  acid  are  sufficient 
to  illustrate  the  principle  that  the  property  of  foaming 
depends  on  contamination.  In  pure  ether  we  have  a  liquid 
from  which  the  bubbles  break  even  more  quickly  than 
from  alcohol  or  water.  They  are  gone  in  a  moment.  In  some 
experiments  I  made  at  home  I  found  that  water  containing 
a  small  proportion  of  ether  foamed  freely  ;  but  on  attempt¬ 
ing  two  or  three  days  ago  to  repeat  the  experiment,  I  was 
surprised  to  find  a  result  veiy  different.  I  have  here  some 
water  containing  a  very  small  fraction  of  ether,  about 
i-240th  part.  If  I  shake  it  up,,  it  scarcely  foams  at  all ; 
but  another  mixture  made  in  the  same  proportion  from 
another  sample  shows  more  tendency  to  foam.  This  is 
rather  curious,  because  both  ethers  were  supposed  to  be 
of  the  same  quality  ;  but  one  had  been  in  the  laboratory 
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longer  than  the  other,  and  perhaps  contained  more  greasy 
matter  in  solution. 

Another  liquid  which  foams  freely  is  water  impregnated 
with  camphor.  Camphor  dissolves  sparingly;  but  a 
minute  quantity  of  it  quite  alters  the  characteristics  of 
water  in  this  respedl.  Another  substance,  very  minute 
quantities  of  which  communicate  the  foaming  property  to 
water,  is  glue  or  gelatine.  This  liquid  contains  only  3 
parts  in  ico.ooo,  of  gelatine,  but  it  gives  a  froth  entirely 
different  from  that  of  pure  water.  Not  only  are  there 
more  bubbles,  but  the  duration  of  the  larger  bubbles  is 
quite  out  of  proportion  to  that  of  water  bubbles.  This 
sample  contains  5  parts  in  100  000,  nearly  double  as  much ; 
but  even  with  but  1  part  in  100,000,  the  foaming  property 
is  so  evident  as  to  suggest  that  it  might  in  certain  cases 
prove  valuable  for  indicating  the  presence  of  minute 
quantities  of  impurities.  I  have  been  speaking  hitherto 
of  those  things  which  foam  slightly.  They  are  not  to  be 
compared  with,  say,  a  solution  of  soap  in  water,  which,  as 
is  well  known  to  everybody,  froths  very  vigorously. 
Another  thing  comparable  to  soap,  but  not  so  well  known, 
is  saponine.  It  may  be  prepared  from  horse  chestnuts 
by  simply  cutting  them  in  small  slices  and  making  an 
infusion  with  water.  A  snail  quantity  of  this  infusion 
added  to  water  makes  it  foam  strongly.  The  quantity 
required  to  do  this  is  even  less  than  in  the  case  of  Soap  ; 
so  the  test  is  more  delicate.  It  is  well  known  that  rivers 
often  foam  freely.  That  is  no  doubt  due  to  the  effect  of 
saponine  or  some  analogous  substance.  Sea-water  foams, 
but  not,  I  believe,  on  account  of  the  saline  matter  it  con¬ 
tains  ;  for  I  have  found  that  even  a  strong  solution  of  pure 
salt  dees  not  foam  much.  I  believe  it  has  bjen  shown 
that  the  foaming  of  sea-water,  often  so  conspicuous,  is 
due  to  somethmg  extrafted  from  seawt  eds  during  the  con¬ 
cussion  which  takes  place  under  the  a&ion  of  breakers. 

Now  let  us  consider  for  a  moment  what  is  the  meaning 
of  foaming.  A  liquid  foams  when  its  films  have  a  certain 
durability.  Even  in  the  case  of  pure  water,  alcohol,  and 
ether,  these  films  exist.  If  a  bubble  rises,  it  is  covered  for  a 
moment  by  a  thin  film  of  the  liquid.  This  leads  11s  to  con¬ 
sider  the  propei  ties  of  liquid  films  in  general.  One  of  their 
most  important  and  striking  piopeities  is  their  tendency 
to  contract.  Such  surfaces  may  be  legaraed  as  being  in 
the  condition  of  a  stretched  membrane,  as  of  india-rubber 
only  with  this  difference,  that  the  tendency  to  contract 
never  ceases.  We  may  show  that  by  blowing  a  small 
soap  bubble,  ar.d  then  removing  the  mouth.  The  air  is 
forced  back  again  by  the  pressure  exerted  on  the  bubble  by 
the  tension  of  the  liquid.  This  ancient  expeiiment  suffices 
to  prove  conclusively  that  liquid  films  exercise  tension. 

A  prettier  form  of  the  same  experiment  is  due  to  Van 
der  Mensbrugghe,  who  illustrated  liquid  tension  by  means 
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of  a  film  in  which  he  allowed  to  float  a  loop  of  fine  silk, 
tied  in  a  knot.  As  long  as  the  interior  of  the  loop,  as 
well  as  the  exterior,  is  occupied  by  the  liquid  film,  it 
shows  no  tendency  to  take  any  particular  shape  :  but  if,  by 
insertion  of,  say,  a  bit  of  blotting  paper,  the  film  within 
the  loop  be  ruptured,  then  the  tension  of  the  exterior  film 
is  free  to  adl,  and  the  thread  flies  instantaneously  into  the 
form  of  a  circle,  in  consequence  of  the  tendency  of  the 
exterior  surface  to  become  as  small  as  possible.  1  he  ex¬ 
terior  part  is  now  occupied  by  the  soap  film,  and  the 
interior  is  empty.  Many  other  illustrations  of  this  pro¬ 
perty  of  liquids  might  be  given,  but  time  does  not  permit. 

In  the  soap  film,  as  in  the  films  which  constitute 
-ordinary  foam,  each  thin  layer  of  liquid  has  two  surfaces; 
each  tends  to  contract ;  but  in  many  cases  we  have  only 
one  such  surface  to  consider,  as  when  a  drop  of  rain  falls 
through  the  air.  Again,  suppose  that  we  have  three 
materials  in  contadl  with  one  another, — water,  oil,  and 
air.  There  are  three  kinds  of  surfaces  separating  the 
three  materials,  one  separating  water  and  oil,  another  oil 
and  air,  and  a  third  surface  separating  the  water  from  the 
air.  These  three  surfaces  all  exert  a  tension,  and  the 
shape  of  the  mass  of  oil  depends  upon  the  relative  magni¬ 
tudes  of  the  tensions.  As  I  have  drawn  it  here  (Fig.  i), 
it  is  implied  that  the  tension  of  the  water-air  surface  is 
less  than  the  sum  of  the  other  two  tensions— those  of  the 
water-oil  surface  and  the  air-oil  surface;  because  the  two 
latter  adting  obliquely  balance  the  former.  It  is  only 
under  such  conditions  that  the  equilibrium  of  the  three 
materials  as  there  drawn  in  contadt  with  one  another  is 
possible.  If  the  tension  of  the  surface  separating  water 
and  air  exceeded  the  sum  of  the  other  two,  then  the 
equilibrium  as  depidted  would  be  impossible.  Thewater- 
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air  tension,  being  greater,  would  assert  its  superiority  by 
drawing  out  the  edge  of  the  lens,  and  the  oil  would  tend 
to  spread  itself  more  and  more  over  the  surface. 

And  that  is  what  really  happens.  Accurate  measure¬ 
ments  made  by  Quincke  and  others  show  that  the  surface 
tension  separating  water  and  air,  is  really  greater  than 
the  sum  of  the  two  others.  So  oil  does  tend  to  spread 
upon  a  suface  of  water  and  air.  That  this  is  the  fadt  we 
can  prove  by  a  simple  expeiiment.  At  the  feet  of  our 
chairman,  our  Honorary  Secretary,  is  a  large  dish,  con¬ 
taining  water  which  at  present  is  tolerably  clean.  In 
order  to  see  what  may  happen  to  the  surface  of  the  water, 
it  is  dusted  over  with  fine  sulphur  powder,  and  illuminated 
with  the  eledlric  light.  If  I  place  on  the  surface  a  drop 
of  water,  no  effedt  ensues;  but  if  I  take  a  little  oil,  or 
better  still  a  drop  of  saponine,  or  of  soap-water,  and  allow 
that  to  be  deposited  upon  the  middle  of  the  surface,  we 
shall  see  a  great  difference.  The  surface  suddenly 
becomes  dark,  the  whole  of  the  dust  being  swept  away  to 
the  boundary.  That  is  the  result  of  the  spread  of  the 
film,  due  to  the  presence  of  the  oil. 

How  then  is  it  possible  that  we  should  get  a  lens-shaped 
mass  of  oil,  as  we  often  do,  floating  upon  the  surface  of 
water.  Seeing  that  the  general  tendency  of  oil  is  to 
spread  over  the  surface  of  water,  why  does  it  not  do  so  in 
this  case  ?  The  answer  is  that  it  has  already  spread,  and 
that  this  surface  is  not  really  a  pure  water  surface  at  all, 
but  one  contaminated  with  oil.  It  is  in  fadt  only  after 
such  contamination  that  an  equilibrium  of  this  kind  is 
possible.  The  volume  of  oil  necessary  to  contaminate  the 
surface  of  the  water  is  very  small,  as  we  shall  see  pre¬ 
sently  ;  but  I  want  to  emphasize  the  point  that,  so  far  as 
we  know,  the  equilibrium  of  three  surfaces  in  contadt  with 
one  another  is  not  possible  under  any  other  conditions. 
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That  is  a  fadt  not  generally  recognised.  In  many  books 
you  will  find  descriptions  of  three  bodies  in  contadt,  and  a 
statement  of  the  law  of  the  angles  at  which  they  meet ; 
that  the  sides  of  a  triangle,  drawn  parallel  to  the  three 
intersedting  surfaces  must  be  in  proportion  to  the  three 
tensions.  No  such  equilibrium,  and  no  such  triangle,  is 
possible  if  the  materials  are  pure  ;  when  it  occurs,  it  can 
only  be  due  to  the  contamination  of  one  of  the  surfaces. 
These  very  thin  films,  which  spread  on  water,  and,  with 
less  freedom,  on  solids  also,  are  of  extreme  tenuity  ;  and 
their  existence  alongside  of  the  lens  proves  that  the  water 
prefers  the  thin  film  of  oil  to  one  of  greater  thickness.  If 
the  oil  were  spread  out  thickly,  it  would  tend  to  gather 
itself  back  into  drops,  leaving  over  the  surface  of  the 
water  a  film  of  less  thickness  than  the  molecular  range. 

One  experiment  by  which  we  may  illustrate  some  of  these 
effedls  I  owe  to  my  colleague,  Professor  Dewar.  It  shows 
the  variation  in  the  surface  tension  of  water,  due  to  the 
presence  on  it  of  small  quantities  of  ether.  I  hold  in  my 
hand  masses  of  charcoal,  which  can  be  impregnated  with 
ether.  The  greater  part  of  the  surface  of  the  charcoal  is 
covered  with  paraffin  wax,  and,  in  consequence,  the  ether 
which  has  already  penetrated  the  charcoal  can  only  escape 
from  it  again  on  one  side.  The  result  is  that  the  water 
in  the  rear  of  this  boat  of  charcoal  will  be  more  impreg¬ 
nated  with  ether  than  the  part  in  front,  so  the  mass  of 
charcoal  will  enter  into  motion,  and  the  motion  will 
extend  over  a  considerable  interval  of  time.  As  long  as 
the  ether  remains  in  sufficient  quantity  to  contaminate 
the  water  in  the  rear,  so  long  is  there  a  tendency  to  move¬ 
ment  of  the  mass.  The  water  covered  with  the  film  of 
ether  has  less  tension  than  the  pure  water  in  front,  and 
the  balance  of  tensions  being  upset,  the  mass  is  put  in 
motion.  If  the  nature  of  the  case  is  such  that  the  whole 
surface  surrounding  the  solid  body  is  contaminated,  then 
there  is  no  tendency  to  movement,  the  same  balance  in 
fadt  obtaining  as  if  the  water  were  pure. 

Another  body  which  we  may  use  for  this  purpose  is 
camphor.  If  we  spread  some  camphor  scrapings  on  a 
surface  of  pure  water,  they  will,  if  the  surface  is  quite 
clean,  enter  into  vigorous  movement,  as  you  now  see. 
This  is  because  the  dissolved  camphor  diminishes  the 
surface  tension  of  the  water.  But  if  I  now  contaminate 
the  water  with  the  least  possible  quantity  of  grease,  the 
movements  of  the  camphor  will  be  stopped.  I  merely 
put  my  finger  in,  and  you  observe  the  effedt.  There  is 
not  much  poetry  about  that  !  A  very  slight  film,  perfectly 
invisible  by  ordinary  means,  is  sufficient  so  to  contaminate 
the  water  that  the  effedt  of  the  dissolved  camphor  is  no 
longer  visible. 

I  was  very  desirous  to  ascertain,  if  possible,  the  adtual 
thickness  of  oil  necessary  to  produce  this  effedt,  because 
all  data  relating  to  molecules  are,  in  the  present  state  of 
science,  of  great  interest.  From  what  I  have  already  said, 
you  may  imagine  that  a  quantity  of  oil  required  is  very 
small,  and  that  its  determination  may  be  difficult.  In 
my  experiments,*  I  used  the  surface  of  water  contained 
in  a  large  sponge  bath  three  feet  in  diameter.  By  this 
extension  of  the  surface,  I  was  able  to  bring  the  quantity 
of  oil  required  within  the  range  of  a  sensitive  balance.  In 
Diagram  2,  I  have  given  a  number  of  results  obtained  at 
various  dates,  showing  the  quantity  of  oil  required  to 
produce  the  effedls  recorded  in  the  fourth  column.  Know¬ 
ing  the  weight  of  the  oil  deposit,  and  the  area  of  the  water 
surface  upon  which  it  was  uniformly  spread,  it  was  easy 
to  calculate  the  thickness  of  the  film.  It  is  seen  that  a 
film  of  oil  about  i|  millionth  of  a  millimetre  thick  is  able 
to  produce  this  change.  I  know  that  large  numbers  are 
not  readily  appreciated,  and  I  will  therefore  put  the  matter 
differently.  The  thickness  of  the  oil  film  thus  determined 
as  sufficient  to  stop  the  motions  of  the  camphor  is  one- 
400th  of  the  wave  length  of  yellow  light.  Another  way 
of  saying  the  same  thing  is  that  this  thickness  of  oil  bears 
to  one  inch  the  same  ratio  that  one  second  of  time  bears 
to  half  a  year. 


t  l  roc.  t\oy.  Soc.,  March,  1890. 
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Diagram  2. 

A  Sample  of  Oil  somewhat  Decolourised  by  Exposure. 


Date. 

Weight  of 

Calculated 
Thickness  of 

Effect  upon  Camphor 

Oil. 

Film  in  Micro¬ 

ments. 

Dec.  17. 

M.grm. 

.  o-4o 

millimetres. 

0'8l 

No  distinct  effedt. 

Jan.  xi. 

.  0'52 

rc6 

Barely  perceptible. 

Jan.  14. 

.  065 

1-32 

Not  quite  enough. 

Dec.  20. 

.  078 

i-58 

Nearly  enough. 

Jan.  11. 

.  078 

1*58 

Just  enough, 

Dec.  17. 

.  081 

1-63 

Just  about  enough. 

Dec.  18. 

.  083 

i-68 

Nearly  enough. 

Jan.  22. 

.  C84 

170 

About  enough. 

Dec.  18. 

•  °'95 

192 

Just  enough. 

Dec.  17. 

.  099 

2'00 

All  movements 

Dec.  20. 

.  1-31 

2-65 

nearly  stopped. 
Fully  enough. 

Jan.  28. 

.  0-63 

A  Fresh  Sample. 

i-28  Barley  perceptible. 

Jan.  28. 

.  i-o6 

2-I4 

Just  enough. 

When  the  movement  of  the  camphor  has  been  stopped 
by  the  addition  of  a  minute  quantity  of  oil,  it  is  possible, 
by  extending  the  water  surface  enclosed  within  the 
boundary,  without  increasing  the  quantity  of  oil,  to  revive 
the  movements  of  the  camphor  ;  or,  again,  by  contraction 
to  stop  them.  I  can  do  this  with  the  aid  of  a  flexible 
boundary  of  thin  sheet  brass,  and  you  see  that  the 
camphor  recovers  its  activity,  though  a  moment  ago  it  was 
quite  dead.  It  would  be  an  interesting  subject  for  investi¬ 
gation  to  determine  what  is  the  aCtual  tension  of  an  oily 
surface  contaminated  to  an  extent  just  sufficient  to  stop 
the  camphor  movements  ;  but  it  is  not  an  easy  problem. 
Usually  we  determine  surface  tensions  by  the  height  to 
which  the  liquids  will  rise  in  very  fine  tubes.  Here, 
however,  that  method  is  not  available,  because  if  we 
introduce  a  tube  into  such  a  surface,  there  is  no  proof  that 
the  contamination  of  the  inner  surface  in  the  tube  is  the 
same  as  that  prevailing  outside.  Another  method,  how¬ 
ever,  may  be  employed  which  is  less  open  to  the  above 
objection,  and  that  is  to  substitute  for  the  very  fine  or 
capillary  tube,  a  combination  of  two  parallel  plates  open 
at  their  edges.  We  have  here  two  such  plates  of  glass 
kept  from  absolutely  closing  by  four  pieces  of  thin  metal’ 
inserted  at  the  corners,  the  plates  being  held  close  against" 
these  distance-pieces  by  suitable  clamps.  If  such  a  come 
bination  be  inserted  in  water,  the  liquid  will  rise  above  thf 
external  level,  and  the  amount  of  the  rise  is  a  measure  o 
the  surface  tension  of  the  water.  You  see  now  the  image 
on  the  screen.  A  is  the  external  water  surface;  B  is  the 
height  of  the  liquid  contained  between  the  glass  plates, 
so  that  the  tension  may  be  said  to  be  measured  by  the 
distance  AB.  If  a  little  oil  be  now  deposited  upon  the 
surface,  it  will  find  its  way  between  the  plates.  The  fall 
which  you  now  see  shows  that  the  surface  tension  has 
been  diminished  by  the  oil  which  has  found  its  way  in.  A 
very  minute  quantity  will  give  a  great  effect.  When  the 
height  of  the  pure  water  was  measured  by  62,  a  small 
quantity  of  oil  changed  the  62  into  48,  and  subsequent 
large  additions  of  oil  could  only  lower  it  to  38.  But  after 
oil  has  done  its  worst,  a  further  effedt  may  be  produced 
by  the  addition  of  soap.  If  Mr.  Gordon  now  adds  some 
soap,  we  shall  find  that  there  is  a  still  further  fall  in  the 
level,  showing  that  the  whole  tension  now  in  operation  is 
not  much  more  than  one-third  of  what  it  was  at  first. 
This  is  an  important  point,  because  it  is  sometimes  sup¬ 
posed  that  the  effedt  of  soap  in  diminishing  the  tension  of 
water  is  due  to  merely  the  formation  upon  the  surface  of 
a  la}rer  of  oil  formed  by  decomposition  of  the  soap.  This 
experiment  proves  the  contrary,  because  we  find  that  soap 
can  do  so  much  more  than  oil.  There  is  indeed,  some¬ 
thing  more  or  less  corresponding  to  the  decomposition  of 
the  soap  and  the  formation  of  a  superficial  layer  of  oil. 
But  the  decomposition  takes  place  in  a  very  peculiar 


manner,  and  under  such  conditions  that  there  is  a  gradual 
transition  from  the  soapy  liquid  in  the  interior  to  the  oily 
layer  at  the  top,  and  not,  as  when  we  float  a  layer  of  oil 
on  water,  two  sudden  transitions,  first  from  water  to  oil, 
and  secondly  from  oil  to  air.  The  difference  is  important, 
because,  as  I  showed  some  years  ago,  capillary  tension 
depends  on  the  suddenness  of  change.  If  we  suppose 
that  the  change  from  one  liquid  to  another  takes  place  by 
slow  stages,  though  the  final  change  may  be  as  before,  the 
capillary  tension  would  absolutely  disappear. 

There  is  another  very  interesting  class  of  phenomena 
due  to  oil  films,  which  I  hope  to  illustrate,  though  I  am 
conscious  of  the  difficulty  of  the  task, — namely,  the  adtion 
of  oil  in  preventing  the  formation  of  waves.  From  the 
earliest  times  we  have  records  of  the  effedt  of  oil  in  stilling 
waves,  and  all  through  the  Middle  Ages  the  effedt  was 
recognised,  though  connedted  with  magic  and  fanciful  ex¬ 
planations.  Franklin,  than  whom,  I  suppose,  no  soberer 
inquirer  ever  existed,  made  the  thing  almost  a  hobby. 
His  attention  was  called  to  it  accidentally  on  board  ship 
from  noticing  the  effedt  on  the  waves  caused  by  the  greasy 
debris  of  a  dinner.  The  captain  assured  him  that  it  was 
due  to  the  oil  spread  on  the  water,  and  for  some  time 
afterwards,  Franklin  used  to  carry  oil  about  with  him,  so 
as  never  to  miss  a  chance  of  trying  an  experiment.  A 
pond  is  necessary  to  illustrate  the  phenomena  properly, 
but  we  shall  get  an  idea  of  it  by  means  of  this  trough  six 
feet  long,  containing  water.*  Along  the  surface  of  the 
water  we  shall  make  an  artificial  wind  by  means  of  a  fan,f 
driven  by  an  eledtro-motor.  In  my  first  experiments  I 
used  wind  from  an  organ  bellows,  which  is  not  here  avail¬ 
able.  Presently  we  shall  get  up  a  ripple,  and  then  we  will 
try  the  effedt  of  a  drop  of  oil  put  in  to  windward.  I  have 
now  put  on  the  drop,  and  you  see  a  smooth  place  ad¬ 
vancing  along.  As  soon  as  the  waves  come  up  again,  I 
will  repeat  the  experiment.  While  the  wind  is  driving 
the  oil  away,  I  may  mention  that  this  matter  has  been 
tested  at  Peterhead.  Experiments  were  there  made  on  a 
large  scale  to  show  the  effedt  of  oil  in  facilitating  the  en¬ 
trance  of  ships  into  harbour  in  rough  weather.  Much 
advantage  was  gained.  But  here  a  distindtion  must  be 
observed.  It  is  not  that  the  large  swell  of  the  ocean  is 
damped  down.  That  would  be  impossible.  The  adtion 
in  the  first  instance  is  upon  the  comparatively  small 
ripples.  The  large  waves  are  not  diredtly  affedted  by  the 
oil  ;  but  it  seems  as  if  the  power  of  the  wind  to  excite  and 
maintain  them  is  due  to  the  small  ripples  which  form  on 
their  backs,  and  give  the  wind,  as  it  were,  a  better  hold 
of  them.  It  is  only  in  that  way  that  large  waves  can  be 
affedled.  The  immediate  effedt  is  on  the  small  waves 
which  conduce  to  that  breaking  of  the  large  waves  which 
from  the  sailor’s  point  of  view  is  the  worst  danger.  It  is 
the  breaking  waters  which  do  the  mischief,  and  these  are 
quieted  by  the  adtion  of  the  oil. 

I  want  to  show  also,  though  it  can  only  be  seen  by 
those  near,  the  return  of  the  oil  when  the  wind  is  stopped. 
The  oil  is  at  present  driven  to  one  end  of  the  trough  ;+ 
when  the  wind  stops  it  will  come  back,  because  the  oil 
film  tends  to  spread  itself  uniformly  over  the  surface.  As 
it  comes  back,  there  will  be  an  advancing  wave  of  oil ; 
and  as  we  light  the  surface  very  obliquely  by  the  eledlric 
lamp,  there  is  visible  on  the  bottom  of  the  trough  a  white 
line,  showing  its  progress. 

Now,  as  to  the  explanation.  The  first  attempt  on  the 
right  lines  was  made  by  the  Italian  physicist,  Marangoni. 
He  drew  attention  to  the  importance  of  contamination 
upon  the  surface  of  the  water,  and  to  its  tendency  to 
spread  itself  uniformly,  but  for  some  reason  which  I 
cannot  understand,  he  applied  the  explanation  wrongly. 


;  *  The  width  is  8  inches,  and  the  depth  4  inches.  The  sides  are  of 

glass ;  the  bottom  and  ends  of  wood,  painted  white. 

t  For  this  fan  and  its  fittings  the  Institution  is  indebted  to  the 
liberality  of  the  Blackman  Ventilating  Company. 

t  May,  1890.  Any  moderate  quantity  of  oil  may  be  driven  off  to 
leeward  ;  but  if  oleate  of  soda  be  applied,  the  quieting  effedt  is  per¬ 
manent. 
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More  recently  Reynolds  and  Aitken  have  applied  the  same 
considerations  with  better  success.  The  state  of  the  case 
seems  to  be  this  : — Let  us  consider  small  waves  as  pro¬ 
pagated  over  the  surface  of  clean  water;  as  the  waves 
advance,  the  surface  of  the  water  has  to  submit  to  periodic 
extensions  and  contractions.  At  the  crest  of  a  wave  the 
surface  is  compressed,  while  at  the  trough  it  is  extended. 
As  long  as  the  water  is  pure  there  is  no  force  to  oppose 
that,  and  the  wave  can  be  propagated  without  difficulty; 
but  if  the  surface  be  contaminated,  the  contamination 
strongly  resists  the  alternate  stretching  and  contraction. 
It  tends  always,  on  the  contrary,  to  spread  itself  uniformly; 
and  the  result  is  that  the  water  refuses  to  lend  itself  to 
the  motion  which  is  required  of  it.  The  film  of  oil  may 
be  compared  to  an  inextensible  membrane  floating  on  the 
surface  of  the  water,  and  hampering  its  motion  ;  and  under 
these  conditions  it  is  not  possible  for  the  waves  to  be 
generated,  unless  the  forces  are  very  much  greater  than 
usual.  That  is  the  explanation  of  the  effeCt  of  oil  in  pre¬ 
venting  the  formation  of  waves. 

The  all-important  faCt  is  that  the  surface  has  its  pro¬ 
perties  changed,  so  that  it  refuses  to  submit  to  the 
necessary  extensions  and  contractions.  We  may  illustrate 
this  very  simply  by  dusting  the  surface  of  water  with 
sulphur  powder,  only  instead  of  dispersing  the  sulphur, 
as  before,  by  the  addition  of  a  drop  of  oil,  we  will  operate 
upon  it  by  a  gentle  stream  of  wind  projected  downwards 
on  the  surface,  and  of  course  spreading  out  radially  from 
the  point  of  impact.  If  Mr.  Gordon  will  blow  gently  on 
the  surface  in  the  middle  of  the  dusty  region,  a  space  is 
cleared  ;*  if  he  stops  blowing,  the  dust  comes  back  again. 
The  first  result  is  not  surprising,  but  why  does  the  dusty 
surface  come  back  ?  Such  return  is  opposed  to  what  we 
should  expect  from  any  kind  of  viscosity,  and  proves  that 
there  must  be  some  force  direCtlv  tending  to  produce  that 
particular  motion.  It  is  the  superior  tension  of  the  clean 
surface.  No  oil  has  been  added  here,  but  then  no  water 
surface  is  ever  wholly  free  from  contamination  ;  there  may 
be  differences  of  degree,  but  contamination  is  always 
present  to  some  extent.  I  now  make  the  surface  more 
dirty  and  greasy  by  contaCt  of  the  finger,  and  the  experi¬ 
ment  no  longer  succeeds,  because  the  jet  of  wind  is  not 
powerful  enough  to  cleanse  the  place  on  which  it  impinges  ; 
the  dirty  surface  refuses  to  go  away,  or  if  it  goes  in  one 
direction  it  comes  back  in  another. 

(To  be  continued). 


NOTE  ON  THE  RECENT  CONSTRUCTION 
OF  THREE  MODIFIED  FORMS  OF 
VOLTAIC  CELLS. 

By  H.  N.  WARREN,  Research  Analyst. 


The  first  voltaic  cell  of  which  I  wish  to  make  mention, 
and  which  is  used  pra<5tically  in  the  same  manner  as  an 
ordinary  Bunsen  cell,  consists  of  a  zinc  outer  cylinder 
excited  by  dilute  sulphuric  acid,  but  enclosing  a  porous 
pot  containing  a  saturated  solution  of  arsenic  acid  in  place 
of  the  nitric  acid  of  commerce.  The  circuit  is  completed 
by  inserting  into  the  acid  a  carbon  rod,  the  connections 
being  made  in  the  usual  manner.  The  battery  evolves  a 
constant  supply  of  electricity,  the  electromotive  force  being 
about  volts,  the  reaction  terminating  with  the  produc¬ 
tion  of  arsenious  acid,  and  the  solution  of  an  equivalent 
proportion  of  zinc.  This  form  of  cell  evolves  no  noxious 
odours  similar  to  what  is  experienced  when  using  the 
nitric  acid  battery,  but  unfortunately,  owing  to  a  some¬ 
what  osmotic  passage  of  the  arsenious  acid  into  the  outer 
vessel,  it  occasions  a  danger  of  forming  arseniuretted 
hydrogen  through  coming  into  contact  with  the  zinc 
cylinder.  To  overcome  this  danger  naturally  necessitates 


the  placement  of  the  same  either  out  of  doors  or  where 
a  good  draught  can  be  assured. 

The  second  cell  or  bromine  battery,  another  modifica¬ 
tion  of  the  first,  differing  only  in  minute  details,  is  com¬ 
prised  by  adopting  for  the  round  porous  pot  that  of  the 
flat  form,  and  bounded  on  either  side  by  flat  plates  of  zinc  ; 
the  inner  cell  being  furnished  with  a  platinum  plate  in 
place  of  the  graphite  rod,  and  excited  by  water  which  has 
been  saturated  with  bromine,  a  small  excess  of  the  latter 
being  also  allowed  to  remain  at  the  bottom  of  the  cell  in 
order  to  replenish  the  waste.  The  cell  when  in  full  adtion 
affords  a  constant  current  of  eledtricity,  the  chief  secondary 
compound  formed  being  apparently  hydrobromic  acid, 
the  bromine  of  which  may  be  again  set  free  by  the  addition 
of  a  small  quantity  of  bleaching-powder. 

The  third,  a  modification  of  the  copper  sulphate  battery, 
which  has  taken  the  name  of  the  asbestos  battery,  not 
that  that  substance  plays  any  decided  adtion  as  regards 
an  exciting  agent,  but  serves  admirably  to  prevent  too 
intimate  a  contadt  between  the  copper  and  zinc  plates. 
The  battery  may  be  arranged  either  single  or  compound, 
and  if  the  latter  be  desired,  consists  in  arranging  a  various 
number  of  zinc  coils  coated  both  sides  with  asbestos 
paper,  and  bound  over  in  close  proximity  with  thin  copper 
foil;  the  coils  may  be  for  convenience  sake  arranged  by 
placing  one  inside  the  other,  the  battery  being  excited  by 
immersing  the  whole  in  a  saturated  and  acidified  solution 
of  copper  sulphate,  the  supply  being  maintained  by  an 
ordinary  receiver  containing  a  further  quantity  of  crystals. 
The  adtion  of  the  asbestos  maybe  thus  readily  explained. 
When  to  a  solution  of  copper  sulphate  containing  a  coil  of 
metallic  copper,  there  is  introduced  one  of  zinc  for  a  few 
moments,  a  most  energetic  adtion  is  set  up,  which  never¬ 
theless  soon  terminates  with  the  deposition  of  metallic 
copper;  this  exciting  power  thus  established  owing  to  the 
small  space  allowed  between  the  asbestos  and  the  zinc, 
and  at  the  same  time  the  excellent  condudting  power  of 
the  large  surface  of  copper  exposed  on  either  side  of  the 
zinc  plates,  immediately  conveys  any  current  which  would 
otherwise  be  lost  on  to  the  terminus. 

Everton  Research  Laboratory, 

18,  Albion  Street,  Everton,  Liverpool. 


NOTES  ON  QUANTITATIVE  ANALYSIS.* 

By  L.  H.  FRIEDBURG,  Ph.D. 

The  following  chapters  make  but  little  claim  to 
originality,  and  treat  only  of  well-known  fadts.  But  as 
every  chemist  during  a  long  period  of  analytical  occupa¬ 
tion  developes  for  himself  a  particular  modus  operaudi, 
based  upon  results  obtained,  it  is  proper  to  recommend 
what  he  deems  to  be  valuable.  In  this  sense  I  offer  the 
following  descriptions  given  below,  omitting  all  reference 
to  literature  or  authorship  of  the  different  methods  ;  pre¬ 
mising  only  that  not  one  is  described  that  I  have  not  my 
self  frequently  used. 

A. — Acidimetry  and  Alkalimetry. 

The  test  liquids  used  are  hydrochloric  acid  and  am¬ 
monium  hydrate.  It  is  customary  to  prepafe  normal  or 
decinormal  solutions.  With  solids,  provided  they  are 
pure,  this  may  be  arrived  at  to  a  degree  of  accuracy 
pradtically  sufficient.  With  solutions  of  gases,  such  as 
HCl  or  NFI3,  the  preparation  ot  a  normal  solution,  even 
if  performed  with  the  greatest  care  and  the  best  standard¬ 
ised  measuring  vessels  or  specific  gravity  apparatus,  we 
cannot  omit  quantitative  determination  of  at  least  one  of 
the  liquids  prepared.  The  following  figures  will  show 
that  in  trying  to  prepare  normal  solutions  of  the  aforesaid 
liquids  a  difference  of  0-1957  per  cent  of  HCl  and  0-0740 

*  From  the  Journal  of  the  American  Chemical  Society,  vol.,  xii.. 

No.  5. 


*  This  experiment  is  due  to  Mr,  Aitken, 
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per  cent  of  nitrogen  were  quantitatively  determined.  For 
very  accurate  work  such  determination  ought  to  be  made, 
and  no  attempt  to  normalise  afterwards  by  dilution  or 
concentration  is  necessary  or  desirable.  The  measuring 
of  new  quantities  of  liquids  is  a  source  of  new  errors  at 
best.  The  sacrifice  of  the  advantage  of  rapid  final  calcu¬ 
lation  of  results  with  such  solutions  is  well  balanced  by 
greater  accuracy  obtained. 

goo  c.c.  hydrochloric  acid,  puriss.,  sp.  gr.  120,  were 
mixed  with  about  8000  c.c.  of  distilled  water,  while  450 
c.c.  of  the  commercially  puie  strong  ammonium  hydrate 
were  added  to  about  6400  c.c.  of  dist.  water.  The  mix¬ 
tures  were  allowed  to  stand  for  a  week.  Then  it  was 
ascertained  how  these  two  liquids  would  neutralise  each 
other  by  volume.  The  whole  length  of  the  burettes  was 
used,  and  in  the  last  determination  they  were  filled  up 
again.  It  was  found,  using  cochineal  as  an  indicator, 
that : — 

a.  20  c.c.  HC1  were  neutralised  by  25  c.c.  NH4OH. 

b.  20  ,,  , ,  ,,  ,,  25  ,,  NH4OII. 

C.  20  ,,  „  ,,  ,,  24-95  c.c.  NH4OH. 

20  c.c.  HC1  therefore  corresponded  to  25  c.c.  NH4OH. 

Next,  three  different  weighed  quantities  of  HC1  were 
taken  and  neutralised  (using  the  same  indicator)  with 
ammonia.  The  results  were  :  — 

a.  19-7861  grrns.  HC1  required  24  30  c.c.  NH4OH; 

consequently,  1  grm.  HC1  required  1-228  c.c.  NH4OII. 

b.  5-8800  grms.  HC1  required  7-20  c.c.  NH4OH  ; 

therefore,  1  grm.  HC1  required  i'224  c.c.  NH4OH. 

c.  i5'455i  grms.  HC1  required  19-00  c.c.  NH4OH ; 

or,  1  grm.  HC1  required  i-22g  c.c.  NH4OH. 

1  grm.  H Cl,  therefore,  was  neutralised  by  1-23  c. c.  N  H4OH. 

Finally,  three  chlorine  determinations  were  made.  The 
silver  chloride  was  dried  as  usual,  but  only  that  part  of  it 
which  would  spontaneously  leave  the  filter  when  emptied 
into  the  porcelain  crucible  was  determined  as  horn  silver; 
the  filter  and  the  remaining  amount  were  burned  in  a 
weighed  platinum  spiral  until  the  silver  was  reduced  to  a 
metallic  state,  adhering  as  a  little  knob  to  the  wire,  which 
was  again  weighed.  Following  are  the  results  : — - 

a.  9-9710  grms.  H. CL  gave  1-66603  grms.  AgCl,  equal 

to  0-42362  HC1. 

b.  1-8240  grms.  HC1  gave  0-3023  grms.  AgCl,  equal  to 

0-0769  HC1. 

c.  7-8802  grms.  HC1  gave  1-31663  grms.  AgCl,  equal  to 

°‘33478  HC1- 

From  these  analyses  the  following  amounts  of  IICl  in 
one  grm.  of  the  liquid  were  calculated  : — - 

a.  1  grm.  HC1  contains  0-04249  grm.  HCl  gas. 

b.  1  grm,  IICl  contains  0-04218  grm.  HCl  gas. 

c.  1  grm.  HCl  contains  0-042485  grm.  HCl  gas. 

A  noticeable  loss  having  occurred  in  the  determination 
b,  the  average  of  a  and  c  was  taken  ;  1  gim.  HCl  contains 
0-04249  gaseous  HCl.  The  difference  between  the  average 
taken  from  all  three  determinations,  and  of  that  from  the 
two  mentioned,  however,  is  only  o  0001  gim. 

From  all  the  above  it  follows  that :  — 

1  grm.  HCl  solution  is  neutralised  by  =  1-23  c.c.  NH4OIi 
solution. 

1  grm.  HCl  solution  contains  =  0-04249  gr.  HCl  gas. 
x  c.c.  NH4OH  solution  contains —  0-013264  grm.  nitrogen. 

1  c.c.  NH4OH  solution  is  neutralised  by  =  o"8  c.c.  HlI 
solution. 

1  c.c.  HCl  solution  contains  =  0"034543  grm.  KC1  gas. 

cr  =  0’0335Q6  grm.  chlorine. 


These  solutions  were  prepared  in  February,  1888.  The 
HCl  solution  was  kept  in  a  large  flask  with  doubly  per¬ 
forated  rubber  stopper,  one  hole  of  which  allowed  the 
escape  of  the  liquid  by  means  of  a  syphon  (or  self-feeding 
burette),  while  the  second  opening  was  connected  with  a 
small  flask  containing  a  few  c.c.  of  the  same  liquid  as  the 
large  one.  The  ammonia  bottle  was  closed  with  a  doubly 
perforated  cork.  A  small  flask,  containing  a  little  liquid 
of  the  same  strength,  a  second  small  flask,  which  is  kept 
empty,  and  finally  a  cylinder  containing  cotton,  solid 
KOH,  and  again  cotton,  are  attached,  in  the  above 
sequence,  to  one  opening,  the  other  serving  for  the  outlet 
of  the  liquid. 

These  liquids  are  kept  standing  in  the  laboratory,  not 
exposed  to  diredt  sunlight,  but  subjedt  to  the  natural 
variations  of  temperature  during  the  year.  Nevertheless, 
they  have  not  changed  during  these  last  two  years  under 
the  given  conditions.  To-day,  as  two  years  ago,  20  c.c. 
of  the  HCl  solution  is  saturated  by  25  c.c.  of  the  am¬ 
monia  solution,  while  both  solutions,  when  used  in  a 
nitrogen  determination  of  urea  which  had  been  six  times 
re-crystallised  and  finally  dried  over  sulphuric  acid,  then 
heated  with  soda-lime,  was  shown  to  have  retained  the 
previously  determined  peicentage,  the  urea  analysis 
yielding  figures  of  absolute  corredtness. 

(To  be  continued). 


THE  ELECTROMOTIVE  FORCE  OF 
METALLIC  SALTS.* 

By  CLARENCE  L.  SPEYERS. 

(Concluded  from  p.  294). 

In  the  following  tables  the  column  headed  v  contains  the 
number  of  litres  of  water  in  which  a  grm.  equivalent  of 
the  salt  has  been  dissolved,  that  headed  E.  F.  the  corres¬ 
ponding  eledtromotive  force  in  volts  (xo8  C.  G.  S.),  and 
that  headed  A  the  difference  between  successive  values  of 
E.  F.  Any  deviation  from  the  mean  exceeding  1  per 
cent  is  noted  in  the  tables.  The  observations  have  all 
been  duplicated,  and  sometimes  quadruplicated. 

Until  more  data  have  been  accumulated,  the  above 
results  cannot  be  most  intelligently  discussed,  but  a 
glance  at  the  tables  will  show  a  few  interesting  fads. 

1.  The  eledtromotive  force  always  increases  on  dilu¬ 
tion  ;  the  increment  of  nitric,  acetic,  and  sulphuric  acids 
is  very  slight,  it  is  true,  but  still  sufficiently  marked,  in 
the  opinion  of  the  writer,  to  be  unmistakable.  At  any 
rate,  there  is  no  diminution,  and  therefore  the  equivalent 
eledfromotive  force  (eledtromotive  force  X  equivalent 
weight,  due  account  being  taken  of  the  quantity  con¬ 
tained  in  the  liquid)  increases  rapidly. 

2.  Hydrochloric  acid  has  a  much  lower  value  than  the 
other  three  acids,  which  foim  a  group  by  themselves, 
with  approximately  equal  values.  It  may  appear  strange 
that  this  acid  should  have  an  eledtromotive  force  so  much 
inferior  to  that  of  acetic  acid,  but  the  agreement  of  re¬ 
peated  measurements  indicated  that  they  were  corredt. 

3.  The  eledfromotive  force  of  a  mixture  of  equal  equi¬ 
valents  of  an  acid  with  hydrochloric  acid  is  not  the  mean 
of  the  two  values,  but  is  only  slightly  greater  than  that 
of  hydrochloric  acid.  The  increment  also  belongs  to  this 
acid.  Nitric,  acet'c,  and  sulphuric  acids  have  an  eledtro- 
motive  force  so  nearly  alike  that  no  conclusion  can  be 
drawn  from  their  mixtures. 

4.  Turning  to  the  zinc  salts,  we  find  a  drop  in  eledtro¬ 
motive  force  of  33(d),  59(N03),  i66(Ac),  and  i2g(S04) 
millivolts.  The  first  observed  values,  -J-  equivalent,  are 
compared.  The  increment,  however,  has  been  increased. 
As  the  solutions  are  diluted,  the  fall  due  to  substitution 
of  zinc  for  hydrogen  appears  to  approach  that  observed 
with  chlorine,  33  millivolts. 
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*  The  numbers  printed  in  modern  figures  are  calculated  by  subtracting  once,  twice,  &c.,  the  mean  increment  from  the  first  observation, 
On  account  ol  the  rap’d  evolution  of  hydrogen  a  stronger  acid  thin  ^th  equiv.  could  not  be  used. 
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*  Observat'ons  varied  in  some  cases  about  one  per  cent  from  the  mean. 
4  Observations  varied  in  some  cases  about  two  per  cent  from  the  mean. 


5.  Again,  the  chloride  possesses  the  lowest  electro¬ 
motive  force,  the  other  three  salts  forming  a  group  by 
themselves,  with  zinc  nitrate  standing  out  prominently, 
the  latter  being  caused,  in  the  writer’s  opinion,  by  a  slight 
defeCf:  in  neutralisation,  although  all  care  was  observed 
to  avoid  excess  of  either  constituent. 

6.  The  electromotive  force  of  concentrated  mixtures  of 
zinc  salts  is  not  the  mean  of  the  two  values,  but  only 
slightly  greater  than  the  smaller;  zinc  acetate  and  sul¬ 
phate  mixture  possibly  forming  an  exception. 

7.  Turning  to  mixtures  of  salts  containing  the  same 
acid  radical  but  different  metals,  we  find  only  an  ap¬ 
proximation  to  the  lower  value,  and  with  ati  increment 
about  equal  to  that  of  the  zinc  salt. 

8.  Hitherto,  chemical  a&ion  has  been  excluded,  but 
now  consider  mixtures  of  salts  and  acids  having  different 
acid  radicals.  As  might  be  expected,  the  electromotive 
force  is  only  slightly  greater  than  that  of  the  salt  having 
the  lower  value.  It  must  be  remembered  that  acetic  acid 
is  very  weak,  so  that  only  small  quantities  of  acetates 
can  be  formed  in  the  presence  of  equivalent  quantities  of 

the  other  acids. 

g.  The  electromotive  force  of  jZnR  +  HR'  is  equal  to 
that  of  §ZnR’-f  HR.  The  agreement  is  not  satisfactory, 
however,  with  zinc  nitrate  and  sulphuric  acid. 

In  the  next  paper  it  is  purposed  to  describe  the  results 

of  investigations  upon  salts  of  copper. 


ON  A  SOPHISTICATION  OF  LINSEED  OIL. 
By  A.  AIGNAN. 


Linseed  oil  intended  for  grinding  up  pigments  and  for 
painting  is  generally  adulterated  with  resin  oil  (pine  oil), 
the  price  of  which  is  from  three  to  four  times  lower  than 
that  of  pure  linseed  oil. 

Paint  containing  resin  oil  adheres  badly  and  splits  in 
all  directions.  It  would  be  important  to  have  the  means 
of  detecting  and  estimating  the  resin  oil  whether  in  a  com¬ 
mercial  linseed  oil  or  in  paint,  especially  white-lead. 

The  detection  of  resin  oil  may  be  easily  effected,  thanks 
to  the  rotatory  power  which  this  oil  possesses,  and  which 
it  communicates  to  liquids  in  which  it  is  present. 

Rotatory  Power  of  Linseed  Oil. — Certain  authors  have 
recently  ascribed  to  linseed  oil  a  slight  laevo-rotatory 
power.  Having  experimented  upon  pure  linseed  oils, 
manufactured  at  Hagelman,  in  the  Department  of  the 
Landes,  the  author  finds  that  the  rotatory  power  of  these 
oils  is  null,  as  it  had  been  found  in  former  determina¬ 
tions. 

1.  Assay  of  a  Mixture  of  Linseed  Oil  and  White  Resin  Oil. 
—  Such  a  mixture  turns  the  plane  of  polarisation  to  the  right, 
by  a  very  distinct  angle,  in  proportion  to  the  quantity  of 
resin  oil  which  it  contains.  If  we  denote  by  [«]d  the 
rotation  observed  for  a  layer  of  20  c.m.  in  thickness,  and 


8  Recent  Synthetical  Experiments  in  the  Sugar  Series.  { Chje u“yC4,Ii&^'s 


by  li  the  weight  of  resin  contained  in  a  weight  =  ioo  of 
the  mixture,  we  have — 

For  the  mixture  of  linseed  oil  in  refined  resin  oil 
[a]D  =  +  -if  h;  ditto  linseed  oil  and  selected  white  oil, 
[a]  D=  +  i 5  A;  ditto  linseed  oil  and  fine  rectified  oil 
[a]D  =  +  fs  h-  The  ^rst  mixture  is  that  which  is  most 
commonly  met  with.  In  pra&ice  it  is  sufficient  to 
measures  [<x]D  with  the  polarimeter  or  to  value  h  in  refined 
resin  oil  according  to  the  formula  li  =  [a]  D  ■]£. 

As  the  oils  in  question  are  deeply  coloured  it  is  better 
to  operate  in  a  tube  of  io  c.m.,  and  to  culculate  li  by  the 
formula  h  =  a  D  \5. 

2.  Assay  of  a  Paint. — To  deted  oil  of  resin  in  com¬ 
mercial  paint  we  operate  as  follows  : — 

a.  We  put  in  a  flask  a  certain  quantity  of  paint,  add 
ether,  agitate  and  let  settle.  The  ether  having  dissolved 
the  paint  floats  at  the  top.  The  tube  of  the  polarimeter 
is  filled  with  the  ethereal  solution.  If  the  rotation  ob¬ 
served  is  null,  the  resin  oil  is  present.  In  the  contrary 
case,  if  [a]  D  is  the  rotation  to  the  right  measured  for  the 
thickness  of  20  c.m.,  a  study  of  the  rotatory  power  of  the 
ethereal  solutions  of  resin  oil  and  of  linseed  oil  mixed 
with  resin  oil  has  shown  that  the  proportion  of  resin  oil 
added  may  be  calculated  by  the  formula — 


b.  We  putin  a  flask  a  weight  pi  of  the  ethereal  solu¬ 
tion  ;  we  heat  to  ioo°  in  the  water-bath  so  as  expel  the 
ether  ;  the  oil,  which  only  boils  about  300°,  remains  in  the 
flask;  let  be  its  weight.  We  determine  thus  the  pro¬ 
portion — 

tl  x  100  =  h, 

P2 

for  100  of  the  oil  (linseed  oil  and  resin  oil)  contained  in 
the  ethereal  solution  examined  with  the  polarimeter. 

If  hj  =  k  we  may  conclude  that  the  paint  contains  oil 
of  resin  without  linseed  oil. 

In  the  ordinary  case  hz  is  greater  than  h  ;  then — - 
h 

x  100 

b  1 

will  be  the  percentage  of  resin  oil  contained  in  the  linseed 
oil  which  has  been  used  in  making  up  the  paint. — Comptes 
Rendus,  vol.  cx.,  p.  1273. 


RECENT  SYNTHETICAL  EXPERIMENTS  IN  THE 
SUGAR  SERIES.* * * § 

Professor  Emil  Fischer’s  researches  on  the  sugars  of 
the  glucose  group  have  been  remarkably  successful,  and 
recently  he  has  effected  the  synthesis  of  both  dextrose 
and  levulose.  A  year  ago,  in  the  American  Chemical 
Journal ,f  the  experiments  were  described  by  means  of 
which  he  had  succeeded  in  preparing  a  new  synthetical 
sugar,  which  he  called  acrose,  and  which  was  found  to 
be  an  isomer  of  dextrose  and  levulose.  Acrose  possesses 
all  the  general  properties  of  dextrose  and  levulose,  and 
only  differs  from  these  natural  sugars  in  being  optically 
inactive.  Fischer  has  now  succeeded  in  determining  the 
constitution  of  acrose,  and  in  his  recent  papers^  he  has 
shown  that  it  is  the  inactive  modification  of  levulose.  It 
bears  the  same  relation  to  ordinary  levulose  that  racemic 
acid  bears  to  ordinary  tartaric  acid  ;  and  just  as  racemic 
acid  car.  be  split  into  dextro-  and  levo-tartaric  acids,  so 
from  acrose  ordinary  levulose  and  anew  levulose  having 
an  equal  but  opposite  rotatory  power  can  be  obtained. 

The  obstacles  that  are  encountered  in  this  kind  of  work 
are  very  great,  and  one  can  gain  some  idea  of  the  diffi- 


*  American  Chemical  Journal,  xii,,  257. 
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cully  of  determining  the  constitution  of  a  sugar  by 
remembering  that,  according  to  the  Le  Bel-Van’t  Hoff 
hypothesis,*  a  compound  with  four  asymmetric  carbon 
atoms  like  dextrose  can  exist  in  sixteen  stereometric 
forms.  Nevertheless  Fischer  has  not  only  determined 
the  constitution  of  acrose  and  effedted  the  synthesis  of 
levulose,  but  he  has  also  discovered  the  inactive  and  the 
levo-modificalions  of  mannite  and  of  the  new  sugar,  man¬ 
nose.  He  has  shown  that  mannose  and  dextrose  have 
the  same  constitution  and  that  one  maybe  converted  into 
the  other.  He  has  further  prepared  all  these  substances 
synthetically,  and,  what  is  also  of  very  great  importance, 
he  has  developed  and  perfected  the  methods  of  trans¬ 
forming  the  sugars  and  their  derivatives  into  one  another 
10  such  an  extent  that  the  synthesis  of  the  remaining 
members  of  the  glucose  group  will  probably  be  effe&ed  in 
the  near  futuie.  In  fad,  so  great  are  the  additions  to 
our  knowledge  resulting  from  these  researches  that 
Fischer’s  work  may  well  be  said  to  mark  the  beginning 
of  a  new  epoch  in  the  history  of  the  carbohydrates. 

Mannose. 

This  new  sugar  was  discovered  by  Fischerf  in  studying 
the  oxidation-produds  of  the  poly-acid  alcohols  with  the 
aid  of  phenylhydrazine.  It  is  obtained,  together  with 
levulose,  by  the  oxidation  of  mannite  with  nitric  acid, 
and  it  can  readily  be  distinguished  from  the  other  sugars 
on  account  of  the  insolubility  of  its  hydrazone.  Mannose 
has  the  composition  represented  by  the  formula  C6HI20g, 
and  is  therefore  isomeric  with  dextrose  and  levulose,  and, 
like  these,  it  reduces  Febling’s  solution,  and  undergoes 
fermentation  when  mixed  with  yeast.  It  is  optically 
adive,  and  turns  the  plane  of  polarised  light  to  the  right, 
but  not  so  strongly  as  dextrose.  Its  specific  rotatory 
power  is  +  I2‘g6,  that  of  dextrose  being  +587.  Re- 
dudion  with  sodium  amalgam  converts  it  into  mannite. 
Mannose  has  not  yet  been  obtained  in  crystalline  con¬ 
dition.  The  white  solid  sugar  deliquesces  rapidly  in 
moist  air,  and  is  extremely  easily  soluble  in  water.  It 
dissolves  with  difficulty  in  absolute  alcohol,  and  is  in¬ 
soluble  in  absolute  ether.  Like  dextrose  and  levulose, 
mannose  can  be  converted  in  furfurol  and  levulinic  acid. 
Treatment  with  bromine-water  converts  it  into  mannonic 
acid,  an  isomer  of  gluconic  acid. 

But  tire  distinguishing  charaderistic  of  mannose  is  its 
behaviour  with  phenylhydrazine.  The  cold  aqueous 
solution  of  the  sugar,  when  treated  with  phenylhj  drazine, 
gives  at  once  a  crystalline  precipitate  of  mannose  phenyl- 
hydrazone,  whereas  the  hydrazones  of  dextrose  and 
levulose  and  the  other  sugars  are  readily  soluble  in  water. 
When  heated  with  more  phenylhydrazine,  the  mannose 
hydrazone  is  converted  into  an  osazone,  which  is  identical 
in  all  its  properties  with  phenylglucosazone,  the  compound 
that  is  obtained  from  dextrose  and  levulose  under  similar 
circumstances.  As  glucosazone  can  be  converted  intolevu- 
lose,  it  is  therefore  possible  by  this  means  to  transform 
mannose  into  levulose. 

Constitution  of  Mannose .* — As  mannose  differs  in  pro¬ 
perties  from  both  dextrose  and  levulose,  it  was  at  first 
supposed  that  its  constitution  was  different  from  that  of 
either  of  these  sugars.  Thus,  the  formula  of  dextrose 
being — 

ch2oh.choh-choh.choh.choh.cho, 

and  that  of  levulose — 

CH2OH.CHOH.CHOH.CHOH.CO.CH2OH, 
the  formula — 

CH20H.CH0H.CH0H.C0.CH0H.CH20H 
suggested  itself  for  mannose.  In  order  to  obtain  experi¬ 
mental  evidence  either  for  or  against  this  formula,  man¬ 
nose  was  treated  with  hydroc)anic  acid,  according  to 
Kili ani’s §  method  of  determining  the  constitution  of 
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sugars.  DireCt  addition  took  place,  and  from  the  resulting 
compound  mannose-carbonic  acid  was  obtained.  This 
acid,  upon  reduction  with  hydriodic  acid,  was  converted 
into  normal  heptoic  acid.  This  result  indicates  that  the 
constitution  of  mannose  cannot  be  represented  by  the 
formula  given  above,  because  a  sugar  whose  constitution 
is  represented  by  that  formula  would  by  this  process  have 
been  converted  into  an  isoheptoic  acid.  But  the  faff  that 
normal  heptoic  acid  was  obtained  indicates  that  mannose 
contains  an  aldehyd  group,  and  that  its  constitution  must 
be  expressed  by  the  same  formula  as  that  which  repre¬ 
sents  the  constitution  of  dextrose.  Mannose  and  dextrose 
are,  therefore,  physical  isomers.  To  explain  this  isomer¬ 
ism  recourse  must  be  had  to  the  Le  Bel-Van’t  Hoff  hypo¬ 
thesis,  according  to  which  it  is  possible  to  foresee  the 
existence  of  eight  optically  adtive  and  eight  inadtive  com¬ 
pounds  of  the  formula  of  dextrose.  Both  compounds  are 
dextro-rotatory,  but  as  one  of  them  turns  the  plane  of 
polarised  light  to  a  much  greater  extent  than  the  other, 
Fischer  at  first  supposed  that  dextrose  and  mannose  were 
optical  isomers,  that  they  were  the  dextro-  and  levo- 
modifications  of  the  same  strudfural  system,  and  that  the 
rule  which  usually  holds  in  such  cases,  namely,  that  the 
one  isomer  turns  as  far  to  the  left  as  the  other  to  the 
right,  was  modified  in  this  case  in  some  unknown  manner 
by  the  remaining  asymmetric  carbon  atoms.  This  sup¬ 
position  was  not  confirmed  by  subsequent  experiments, 
for,  as  will  be  shown  below,  another  mannose  similar  in 
all  its  properties  to  the  one  here  described,  but  possessing 
an  equal  but  opposite  rotatory  power,  was  obtained  from 
arabinose  carbonic  acid. 

Reduction  of  the  Acids  of  the  Sugars.* 

Before  proceeding  to  describe  how  the  optical  isomer 
of  mannose  was  obtained,  it  is  necessary  to  call  attention 
to  a  readtion  which  is  of  some  importance,  and  which  is 
a  general  one  for  the  acids  of  the  sugar  series.  Ordinarily 
the  carboxyl  group  of  organic  acids  cannot  be  reduced  to 
the  aldehyd  group  by  means  of  nascent  hydrogen.  This 
reduction,  however,  takes  place  readily,  as  has  been  dis¬ 
covered  by  Fischer,  in  the  case  of  the  sugar  acids  that 
yield  ladtones.  If  gluconic  acid  ladtone,  for  example,  be 
treated  with  sodium  amalgam,  and  the  solution  be  acidi. 
fied  from  time  to  time,  it  soon  acquires  the  power  of  re¬ 
ducing  Fehling’s  solution,  and  by  continued  adtion  a 
solution  of  sugar  is  obtained.  The  solution  contains 
dextrose,  and  when  it  is  treated  with  phenylhydrazine  it 
gives  glucosazone.  In  the  same  way  mannonic  acid, 
obtained  by  the  oxidation  of  mannose  with  bromine- 
water,  was  reduced  with  sodium  amalgam  and  mannose 
again  obtained.  Other  sugar  acids  behaved  in  the  same 
way — in  short,  the  method  appears  to  be  a  general  one, 
and  one  of  very  great  importance  in  connection  with  the 
synthesis  of  the  sugars.  It  is  possible  by  means  of  this 
method,  together  with  Kiliani’s  readtion,  to  build  up  a 
sugar  from  one  containing  a  smaller  number  of  carbon 
atoms.  For,  by  treating  a  sugar  with  hydrocyanic  acid, 
an  addition-produdt  is  obtained  from  which  an  acid  con¬ 
taining  one  carbon  atom  more  than  the  original  sugar 
can  be  prepared.  This  acid  can  then  be  reduced  with 
sodium  amalgam,  and  thus  converted  into  the  corre¬ 
sponding  sugar.  The  process  of  lengthening  the  chain 
ofcaibon  atoms  can  then  be  repeated.  Thus  far  only 
acids  that  form  ladtones  have  been  reduced  with  sodium 
amalgam,  and  it  appeals  that  this  property  is  in  some 
way  connedled  with  the  power  of  forming  ladtones. 

(To  be  continued). 


Electrolysis  of  Aluminium  Fluoride  by  Igneous 
Fusion. —  Adolphe  Minet.  —  The  author  has  operated 
upon  aluminium  fluoride,  and  has  obtained  from  one 
horse-power  an  hourly  production  of  30  grms.  aluminium. 
— Comptes  Rendus,  vol.  cx.,  No.  23. 
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Prof.  W.  E.  Ayrton,  F.R.S.,  President,  in  the  Chair. 


Prof.  A.  W.  Worthington  made  a  communication  on 
“  The  Stretching  of  Liquids." 

The  three  known  methods  by  which  this  may  be 
effedted,  viz.,  the  barometer  tube  method,  the  centrifugal 
method,  and  the  method  of  cooling,  were  described,  and 
the  precautions  necessary  in  filling  the  tubes  and  in 
freeing  the  liquids  from  air  discussed.  With  non-volatile 
liquids,  such  as  sulphuric  acid,  the  tubes  are  put  in  com¬ 
munication  with  a  good  pump,  and  before  sealing,  the 
liquid  in  the  tube  is  kept  at  a  higher  temperature  than 
that  in  the  communicating  vessel,  in  order  that  a  stream 
of  vapour  may  be  passing  outwards  and  carry  with  it  any 
air  liberate!  from  the  glass  during  the  process  of  sealing. 

Before  using  tubes  by  the  centrifugal  method  the 
author  finds  it  advantageous  to  subjedt  them  to  consider¬ 
able  “jarring”  at  intervals.  This  usually  breaks  the 
liquid  column  and  liberates  a  small  bubble  of  air,  which 
may  then  be  floated  out.  By  repeating  this  many  times, 
the  adhesion  of  the  liquid  is  greatly  increased.  With 
these  precautions  he  had  subjected  water  to  a  tension  of 
79  and  sulphuric  acid  to  12  atmospheres.  The  cooling 
method  of  Berthelot  (Ann.  de  Chimie,  xxx.,  1852)  was 
then  tried.  In  this  method  the  liquid  nearly  fills  a  strong 
closed  glass  tube  at  a  particular  temperature.  On  slightly 
heating  it  expands  and  fills  the  whole  tube,  any  residual 
air  being  dissolved.  On  cooling  again,  the  liquid  remains 
extended  and  still  fills  the  tube,  until  at  last  it  lets  go 
with  a  violent  “  click,”  and  the  bubble  of  residual  air 
and  vapour  reappears.  The  tension  of  the  liquids  tested 
under  these  circumstances  have  usually  been  calculated 
from  the  relative  change  of  volume  on  the  assumption 
that  the  coefficient  of  extensibility  is  the  same  as  that  of 
compressibility. 

The  author  exhibited  and  described  an  apparatus  by 
which  the  tension  and  the  extension  can  be  measured 
simultaneously.  The  tension  is  ascertained  from  the  en¬ 
largement  of  the  ellipsoidal  bulb  of  a  thermometer  sealed 
into  the  containing  vessel,  and  the  extension  calculated 
from  the  volume  of  the  bubble  after  the  click.  The  tension 
thermometer  had  been  calibrated  by  internal  pressure, 
and  in  determining  the  extension  correction  is  made  for 
the  change  of  volume  of  the  apparatus.  By  this  method 
he  had  subjected  alcohol  to  a  tension  of  17  atmospheres, 
and  found  that  the  coefficient  of  extensibility  is  much 
less  than  that  of  compressibility.  It  is  not  clear  as  to 
what  causes  the  liquid  to  let  go  of  the  glass,  but  it  is 
found  that  the  bubble  can  be  caused  to  reappear  by 
passing  an  eleCtric  current  through  a  wire  sealed  in  the 
capillary  tube. 

Sir  Wm.  Thomson  remarked  that  Prof.  Worthington’s 
paper  was  a  curious  commentary  on  the  usual  mathe¬ 
matical  definitions  of  “  a  liquid,”  as  a  substance  which 
offered  no  resistance  to  being  separated  into  parts. 
Speaking  of  freeing  liquids  from  air,  he  said  the  beneficial 
effect  of  jarring  could  easily  be  shown  by  tapping  an  or¬ 
dinary  “philosophical  hammer-”;  separation  of  the 
column  always  leaves  a  bubble,  which  can  then  be  floated 
off.  He  had  also  found  that  in  freeing  liquids  from  air 
by  boiling  it  was  advantageous  to  have  a  long  escape 
tube,  so  that  part  of  the  liquid  condenses  and  runs  back. 

Mr.  C.  V.  Boys  read  a  paper  on  “  The  Measurement  of 
Electro-magnetic  Radiation ,”  by  himself,  Messrs.  A.  E. 
Briscoe,  and  W.  Watson. 

When  Mr.  Gregory  described  his  new  tFctric  radiation- 
meter  on  Nov.  1,  1889,  one  of  the  authors  said  that  the 
observed  effeCt  might  be  due  to  some  cause  other  than 
expansion  by  heating,  and  that  if  it  was  a  true  heating 
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effed  it  might  be  measured  thermally.  The  present  com¬ 
munication  describes  experiments  undertaken  to  investi¬ 
gate  the  question.  The  first  method  employed  was 
developed  from  the  idea  that  if  two  fine  wires  be  placed 
near  together,  and  both  ad  as  resonators  to  a  primary 
oscillator,  the  eledlro-dynamic  attradlion  caused  by  the 
eledtric  currents  up  and  down  the  wires  and  the  eledro- 
static  repulsion  between  the  charges  on  them,  might 
result  in  the  relative  motion  of  the  two  wires.  From 
theoretical  considerations,  based  on  the  assumptions  that 
the  currents  are  harmonic  in  time  and  space,  the  authors 
inferred  that  the  eledtro-dynamic  effed  would  preponder¬ 
ate  at  the  middle  of  the  wires,  whilst  the  eledlrostatic 
repulsion  would  be  greater  at  the  ends.  To  cause  the 
attradions  and  repulsions  to  conspire  in  producing  rota¬ 
tion  cranked  resonators,  a  b  c  (see  fig.)  were  made;  one 


was  fixed  and  the  other  suspended  by  a  quartz  fibre,  to  turn 
about  a  middle  line,  d  e.  These  were  enclosed  in  a  glass 
vessel,  and  on  starting  the  oscillator  a  turning  movement 
was  observed  in  a  diredlion  opposite  to  that  expeded.  This 
motion  was  eventually  traced  to  the  eledlrostatic  influence 
of  the  oscillator,  for  although  the  imperfedllycondudling  sur¬ 
face  of  the  glass  adted  as  a  perfedt  screen  from  such  adtion 
when  the  potentials  of  the  oscillation  were  varied  slowly, 
it  did  not  do  so  for  changes  occurring  about  500,000,000 
times  per  second.  After  adopting  means  to  avoid  this 
disturbance,  and  construdting  lighter  resonators,  the  ex¬ 
periments  were  repeated  with  negative  results.  From  | 
the  dimensions  of  the  quartz  fibre  used  it  was  estimated 
that  a  force  of  158-1, 000, oooths  of  a  grain  could  have 
been  detedled  with  certainty ;  this  would  have  corre¬ 
sponded  to  about  i-3ooth  of  an  ampere  in  each  resonator. 
It  is  hoped  that  by  further  increasing  the  sensitiveness 
of  the  apparatus  and  using  parabolic  refledtors  the  effedt 
sought  for  may  be  detedled. 

In  the  second  method  of  attacking  the  subjedt,  a  Joule’s 
dynamic  air-thermometer  was  employed.  This  consisted 
of  a  glass  tube  with  a  partition  along  the  middle  extend¬ 
ing  nearly  to  the  ends.  If  one  side  of  the  tube  be  warmed, 
convection  currents  circulate  and  defledt  an  index  placed 
in  the  stream.  A  small  mirror  suspended  about  one  edge 
and  counterpoised  was  used  for  an  index,  and  was  so 
sensitive  that  it  was  impossible  to  get  the  air  still  enough 
by  any  ordinary  method  of  screening.  However,  by  the 
ingenious  device  of  putting  the  thermometer  within  a 
larger  tube  kept  rotating  by  clockwork,  the  difficulties 
were  surmounted.  A  doubled  wire  placed  in  one  side  of 
the  thermometer  served  as  resonator,  and  on  starting  the 
oscillator  a  large  defiedlion  resulted.  A  similar  defledlion 
was  caused  by  applying  about  J  of  a  volt  to  the  ends  of 
the  wire.  This  proved  that  the  effedl  observed  by  Mr. 
Gregory  is  due  to  heating.  The  least  rate  of  heating  ob¬ 
servable  with  the  air  thermometer  was  found  to  correspond 
to  1  calorie  (gramme-water-centigrade)  per  24  hours  in 
the  whole  tube,  or  1  calorie  per  centimetre  of  wire  in 
103  days. 

Dr.  Lodge  asked  Sir  William  Thomson  whether,  when 
electric  pulses  travel  along  parallel  wires  with  the  velocity 
of  light,  any  adtion  could  exist  between  them,  for  two 
charged  spheres  travelling  together  at  that  velocity  exert 
no  mutual  attradlion  or  repulsion. 

In  reply,  Sir  William  said  he  was  inclined  to  think  Mr. 
Boys’  treatment  of  the  subjedt  was  in  the  main  corredt, 
but  it  was  quite  possible  that  at  such  velocities  the 


ordinary  laws  might  be  modified  by  the  fadt  that  the  time 
taken  for  the  force  to  be  propagated  from  wire  to  wire  is 
comparable  with  that  required  for  the  pulse  to  travel  the 
whole  length  of  the  wire.  As  an  example  of  the  peculiar 
effedts  of  rapid  discharges  he  said  he  had  seen  two  copper 
wires  which  had  been  flattened  against  each  other  by 
lightning. 

Mr.  Boys  thought  that  in  his  resonators  a  condition 
analogous  to  stationary  waves  would  exist,  for  the  pulses 
are  refledled  from  the  ends. 

Dr.  Lodge  said  he  had  that  afternoon  observed  the 
adtion  of  parallel  strips  when  Leyden-jar  discharges  were 
passed  through  them.  The  strips  gave  a  kick  at  each 
discharge. 

Mr.  Gregory  mentioned  that  in  trying  to  increase  the 
sensitiveness  of  his  meter  so  as  to  measure  the  variation 
with  distance,  he  had  found  that  two  resonators  in 
proximity  interfered  with  each  other.  He  had,  however, 
succeeded  in  increasing  the  sensibility  about  five-fold. 

Prof.  Worthington  asked  if  it  was  possible  to  measure 
the  energy  of  the  oscillator,  and  also  whether  the  quantity 
caught  by  the  resonator  could  be  estimated  from  the  solid 
angle  it  subtended  at  the  source  of  energy,  wherever  that 
might  be. 

Prof.  Perry  considered  it  easier  to  infer  the  energy  of 
the  source  from  that  received  by  the  resonator. 

Dr.  Lodge  said  the  energy  of  the  source  could  be  easily 
measured.  The  power  radiated  was  enormous  whilst  it 
lasted,  vastly  exceeding  that  of  tropical  sunshine  ;  if  it 
could  be  made  continuous,  the  apparatus  would  soon  be 
red  hot.  The  energy  radiated,  he  said,  converges  on  the 
resonators,  and  hence  the  solid  angle  method  of  estimating 
the  amount  received  would  be  erroneous.  Moreover,  the 
source  was  not  at  the  oscillator,  but  at  a  quarter  wave¬ 
length  from  it,  and  most  of  the  energy  returns  to  the  oscil¬ 
lator;  only  a  small  fradion  is  splashed  off  and  sent  into  space. 
Small  oscillators  radiate  powerfully  because  the  quarter 
wave-lengths  are  small  ;  whereas  the  slow  oscillators,  or 
alternators  used  commercially,  radiate  very  little  of  their 
energy.  The  exad  law  of  variation  of  intensity  of 
radiation  with  distance  was  rather  complicated,  but  the 
theory  had  been  completely  worked  out  by  Stokes  in  1848. 

Mr.  Blakesley'  thought  the  energy  that  returns  to  the 
oscillator  would  be  available  for  subsequent  radiations. 

Dr.  Lodge  pointed  out  that  wires  or  other  resonators 
placed  within  the  quarter  wave-length  would  intercept 
part  of  the  returning  energy. 

Two  communications,  “  Notes  on  Secondary  Batteries,'' 
by  Dr.  Gladstone  and  Mr.  Hibbert,  and  “  An  Easy 
Rule  for  Calculating  Approximately  the  Self-Induction  of 
a  Coil,"  by  Prof.  Perry,  were  taken  as  read. 

In  the  first  of  these  the  authors  show  cause  for 
believing  that  the  beneficial  effect  produced  by  adding 
sodium  sulphate  to  the  ordinary  eledrolyte  is  due  partly  to 
its  facilitating  the  redudion  of  lead  sulphate  and  also  to  its 
power  to  diminish  local  adion  between  the  eledrolyte 
and  different  parts  of  the  lead  plates.  As  regards  the 
chemical  adions  which  take  place  during  the  working  of 
ordinary  cells,  they  see  no  reason  to  doubt  the  view  put 
forward  by  one  of  them  in  1882,  that  the  substance  pro¬ 
duced  in  the  voltaic  readion  is  ordinary  lead  sulphate, 
PbS04.  They  also  conclude  that  the  high  E.M.F.  of  a 
cell  immediately  after  stopping  the  charging  current  is 
due  to  the  inequality  of  acid  strength  near  the  two  plates, 
and  the  gradual  fall  of  E.M.F.  is  caused  by  the  equalisa¬ 
tion  of  strength  produced  by  diflusion. 

Prof.  Perry’s  rule  relates  to  hollow  cylindrical  coils, 
and  is  expressed  by  the  following  formula 


L  (in  secohms)  = 


n 2  a  2  4-10 7 


i-844rt  +  3-ic  +  3-5& 
Where  n  =  number  of  windings. 

rt  =  mean  radius  of  winding  in  centimetres, 
6  =  axial  length. 
c  =  radial  depth  of  winding, 

and  b  and  c  are  less  than-i,, 
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The  time-constant  of  such  a  coil  is  given  in  terms  of 
the  volume  of  copper  (V')  in  cubic  centimetres  by — 

L  _  V'-MOOO 

R  0728a  + 1  "33c  +  1 ‘5  6 

and  the  conditions  for  making  this  small  are  pointed  out 
in  the  paper. 

A  paper  by  the  Rev.  T.  Pelham  Dale  was  postponed 
till  next  meeting. 


NOTICES  OF  BOOKS. 

The  Extra  Pharmacopoeia  :  with  the  additions  introduced 
into  the  British  Pharmacopoeia,  1885.  By  W.  Martin- 
dale,  F.C.S. 

Medical  References ,  and  a  Therapeutic  Index  of  Diseases 
and  Symptoms.  By  W.  Wynn  Wkstcott,  M.B. 
Sixth  Edition.  London:  Lewis. 

British  Pharmacopoeia ,  1885,  Addendum ,  1S90.  Summary 
of  Suggestions  and  List  of  Articles  to  be  included. 

The  authors,  in  their  preface,  very  judiciously  contend 
that  medicines  should  be  combined  extemporaneously  to 
suit  the  disease,  instead  of,  as  is  now  too  commonly  the 
case,  the  patient  being  treated  by  ready-made  compounds 
prepared  to  suit  imaginary  cases.  Tney  give  a  list  of  the 
additions  to  the  British  Pharmacopoeia  made  at  the  re¬ 
vision  in  1885,  as  well  as  other  important  changes.  It  is 
complained  that  the  range  of  doses  ordered  is  too  limited, 
the  minimum  being  often  too  large  and  the  maximum  too 
small. 

The  last-mentioned  pamphlet  contains  a  list  of  articles 
recommended  for  official  introduction  by  the  medical 
authorities — to  wit,  the  Royal  Colleges  of  Physicians  and 
Surgeons  of  London,  the  Society  of  Apothecaries  of 
London,  the  Royal  Colleges  of  Ph)  sicians  and  Surgeons 
of  Edinburgh,  the  Faculties  of  Physicians  and  Surgeons 
of  Glasgow,  the  Universities  of  Edinburgh,  Aberdeen, 
and  St.  Andrews,  the  King’s  and  Queen’s  College  of 
Physicians  of  Ireland,  and  the  Apothecaries  Hall  of  Ire¬ 
land. 


Practical  Chemistry  for  Medical  Students  Required  at  the 
First  Examination  of  the  Conjoint  Examining  Board  in 
England.  By  S.  Rideal,  D.Sc.,  F.I.C.,  F.C.S. ,  F.G.S. 
London  :  H.  K.  Lewis. 

The  work  before  us  is  avowedly  examinational.  It  is  to 
furnish  the  student,  or  rather  the  examinee,  with  just  so 
much  knowledge  of  chemical  analysis  as  will  be  required 
from  him  on  one  particular  occasion.  Instructions  are 
given  by  identifying  fifteen  metals  and  seven  acids,  the 
former  being  present  “  as  metal,  oxide,  sulphides,  or 
simple  salts.”  Mixtures  and  complex  compounds  do  not 
lie  within  the  scope  of  this  manual.  For  the  selection  of 
the  substances  dealt  with,  the  insertion  of  some  and  the 
omission  of  others,  the  author  is  not  responsible.  He 
who  would  be  the  “  guide,  philosopher,  and  friend  ”  of  our 
modern  alumni,  whether  his  teachings  are  viva  voce  or 
are  conveyed  through  the  medium  of  printers’  ink,  must 
not  even  by  implication  question  the  wisdom  of  “  ex¬ 
amining  boards.”  Against  the  “  hints  for  work  ”  and  the 
tests  laid  down,  nothing  can  be  said.  But  have  they  not 
all  been  already  given  in  works  of  all  sizes  and  of  many 
prices  ? 


A  Novel  Method  of  Preparing  Anhydrous  Alu¬ 
minium  Chloride.  —  C.  F.  Mabery  ( Berichte ).  — The 
author  causes  gaseous  hydrochloric  acid  to  aCt  upon  an 
alloy  of  aluminium  and  copper.  The  copper  is  not 
attacked. — Moniteur  Scientifique,  March,  1890.  I 
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CORRESPONDENCE. 


MEDICAL  OFFICERS  OF  HEALTH  AND 
PUBLIC  ANALYSTS. 


To  the  Editor  of  the  Chemical  News. 

Sir, — Referring  to  Mr.  White’s  letter  (Chemical  News, 
vol.  lxi . ,  page  301),  I  am  sure  nobody  would  think  of 
doubting  the  ability  of  men  like  Drs.  Tidy,  Stevenson, 
Hill,  and  Adams  to  fill  the  positions  which  they 
respectively  hold  to  the  satisfaction  of  everyone  concerned, 
as  these  gentlemen  have  made  chemistry  a  special  study, 
in  addition  to  being  thoroughly  qualified  from  a  medical 
point  of  view. 

When  I  last  wrote  I  had  in  my  mind  the  above  named 
“  Medico-Public  Analysts,”  as  well  as  one  or  two  others 
of  lesser  note,  but  their  undoubted  efficiency  seems  to  me 
to  emphasize  all  the  more  forcibly  my  contention  as  re¬ 
gards  the  incompetency  of  many  candidates  for  similar 
positions.  The  faCt  is,  in  filling  vacancies  of  this  nature, 
the  chemical  aspeCt  of  the  question  is  often  altogether 
ignored,  or,  at  any  rate,  regarded  as  of  secondary  import¬ 
ance,  it  being  taken  for  granted,  I  suppose,  that  the  work 
will  be  done  somehow. 

An  instance  occurs  to  me  in  which  a  very  unsuitable 
man  was  chosen  to  fill  the  dual  offices  of  Medical  Officer 
of  Health  and  Public  Analyst  in  a  large  town  in  the  Mid¬ 
lands.  He  obtained  the  appointment,  I  understand, 
entirely  through  local  influence.  —  I  am,  &c., 

Rowland  Williams. 

Laboratory  and  Assay  Office, 

28,  Pall  Mall,  Manchester. 

June  24th,  1890. 


ESTIMATION  OF  ALUMINA  IN  IRON  AND 

STEEL. 

To  the  Editor  of  the  Chemical  News. 

Sir, — I  notice  in  your  last  issue  a  letter  from  Mr.  Charles 
Phillips  describing  a  method  for  the  determination  of  alu¬ 
minium  in  iron  and  steel,  and  which  is  substantially  the 
same  as  that  described  by  Mr.  J.  E.  Stead  in  a  paper  read 
before  the  Society  of  Chemical  Industry  at  Newcastle 
early  in  December,  1889. 

As  no  mention  is  made  of  this  paper  in  your  corres¬ 
pondent’s  letter,  I  think  it  only  fair  to  Mr.  Stead  to  call 
the  attention  of  your  readers  to  his  work  in  this  direction. 

I  enclose  you  copy  of  the  paper  referred  to,  which  I 
think  will  clearly  show  Mr.  Stead’s  priority. — I  am,  &c., 

C.  H.  Ridsdale. 


CHEMICAL  NOTICES  FROM  FOREIGN 
SOURCES. 


Note. — All  degrees  of  temperature  are  Centigrade  unless  otherwis 
expressed. 

Comptes  Rendus  Hebdomadaires  des  Seances,  de  ’ Academie 
des  Sciences.  Vol.  cx.,  No.  24,  June  16,  1890. 

On  the  Different  Isomeric  Inosites  and  on  their 
Heat  of  Transformation. — M.  Berthelot. — The  author 
has  found  that  the  two  symmetric  inosites  have  substan¬ 
tially  the  same  solution-heats,  precisely  as  is  the  case 
with  the  two  symmetrical  tartaric  acids.  The  mixture  of 
the  two  solutions  (previously  brought  to  an  identical  tem¬ 
perature)  produces  no  thermic  phenomenon.  The  neutral 
inosite,  by  compensation,  shows  a  solution-heat  of  —  7^47 
cals,  higher  in  absolute  value  than  each  of  the  atftive  ino¬ 
sites,  a  fadl  identical  with  that  observed  in  the  three 
correponding  tartaric  acids. 


Estimation  of  Alumina  in  Iron  and  Steel. 
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Combinations  and  Reactions  of  Gaseous  Am¬ 
monia  and  of  Gaseous  Hydrogen  Phosphide  upon 
the  Ilalogenous  Compounds  of  Arsenic. — M.  Besson. 

_ PII3  in  excess  gives,  at  common  temperatures  at  least, 

with  arsenic  bromide  and  iodide,  products  analogous  to 
those  resulting  from  the  decomposition  at  300°  of  the 
corresponding  ammonium  compounds.  There  is  this 
difference  :  that  as  nitrogen  has  no  affinity  for  arsenic, 
these  two  bodies  remain  isolated,  whilst  phosphorus  and 
arsenic  unite. 

A  New  Method  of  Forming  Crystalline  Metallic 
Oxychlorides.  Researches  on  Copper  Oxychlorides. 
— G.  Rousseau. — The  author’s  new  method  of  forming 
oxychlorides,  described  in  a  former  communication,  is 
confined  to  those  of  tin,  antimony,  titanium,  bismuth, 
zinc,  and  iron.  On  heating  for  three  days  to  between 
1800  and  200°,  a  solution  containing  1  mol.  copper 
chloride  and  6  mols.  of  water,  he  obtained  crystallised 
atacamite.  The  crystals  are  very  small  on  operating  in 
presence  of  marble,  but  if  grobertite  is  used  fine  crystals 
are  obtained,  identical  with  those  of  natural  atacamite. 

Combination  of  Phosphorus  Pentafluoride  with 
Hyponitric  Acid.— Emil  Tassal,  —  Phosphorus  penta¬ 
fluoride  yields,  with  hyponitric  acid,  an  addition  com¬ 
pound,  N04PF5,  and  not  substitution-produfls,  as  with 
the  corresponding  compounds  of  chlorine.  Phosphorus 
pentafluoride  is  only  decomposed  after  the  prolonged 
aflion  of  very  strong  indudlion-sparks.  Its  resistance  to 
chemical  and  physical  agents  should  lead  to  an  explana¬ 
tion  of  the  formation  of  addition-compounds  in  preference 
to  substitution-compounds. 

Formation-heat  of  Uric  Acid  and  the  Alkaline 
Urates. — C.  Martignon. — The  formation-heat  of  uric 
acid,  setting  out  from  its  elements,  =  +148-1  cals.;  that 
of  bibasic  potassium  urate  =  +2562  cals.;  that  of  the 
monobasic  potassium  salt  is  =  +207  cals.  For  the  sodium 
[  alts  we  have  310-9  cals,  for  the  bibasic  urate  and  237-6 
cals,  for  the  monobasic  urate.  Uric  acid  should  decom¬ 
pose  tri-  and  bibasic  sodium  phosphates,  liberating 
respectively  4'g  and  0-5  cal.,  and  giving  rise  to  the 
monobasic  phosphate  called  acid.  This  prevision  agrees 
with  experience,  and  is  one  of  the  causes  of  the  acidity 
of  urine.  The  formation-heat  of  ammonium  urate  is 
=  183  cals. 

Chloralimide  and  its  Isomer;  a  Reversible  Iso¬ 
meric  Transformation. — MM.  Behai  and  Choay.— The 
isomer  in  question — isochloralimiae— is  more  soluble  than 
its  isomer  in  all  organic  solvents;  it  is  insoluble  in  water 
and  melts  at  at  103° — 104°. 

On  a  Sophistication  of  Linseed  Oil. — A.  Aignan. — 
(See  p.  7). 


flfoniteur  Scientifique,  Quesnevillc. 

Series  4,  Vol.  iv.,  March,  iSgo. 

Study  of  Various  Questions  of  General  Chemistry. 
— A  course  of  ledtures  by  M.  Schutzenberger  delivered  at 
the  Coliege  de  France. 

Synthesis  of  Aromatic  Amines  by  Means  of 
Resorcine  and  Ammonia. — Alphonse  Seyewitz. — -The 
autner  has  succeeded  in  obtaining  metapbenylenediamine 
in  this  manner,  as  he  proves  by  a  number  of  readtiuns. 
By  heating  a  mixture  of  resorcine  and  ammoniacal  cal¬ 
cium  chloride  in  a  sealed  tube  to  200°  he  also  obtains  a 
yellow  matter  of  the  composition — 

C .  7164 

H .  3-88 

N .  6  90 

O .  1558 


IOO'OO 

A  red  colouring-matter  obtained  during  the  same  re¬ 
action  gives,  upon  cotton  mordanted  with  tannin  and 
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antimony,  a  fast  catechu  brown  having  a  good  lustre. 
Upon  wool  prepared  with  potassium  dichromate  it  gives 
fine  shades'  which  bear  fulling.  This  new  colour  has 
several  advantages  over  Bismarck  brown. 

New  Method  of  Analysis  for  Industrial  Waters 
which  have  to  Undergo  a  Chemical  Purification  and 
for  the  Feed-waters  of  Steam-boilers. — Leo  Vignon. 
— This  process,  which  refers  merely  to  the  hardness  of 
the  waters,  has  been  already  noticed.  The  author  points 
out  that  the  carbonic  acid  in  distilled  water  prepared  a 
few  days  ago  may  amount  to  5  c.c. 

Process  for  Dissociating  Common  Salt  into 
Chlorine  and  Sodium  Carbonate  by  Means  of  the 
Elecftric  Current. — W.  Hempel.— 1'he  produdts  may  be 
kept  from  reading  on  each  other  by  the  interposition  of  a 
diaphragm  between  the  two  eledrodes.  The  diaphragm 
is  composed  of  a  layer  of  asbestos  paste,  kept  tightly  com¬ 
pressed  between  the  two  eledrodes,  which  are  circular 
plates,  the  cathode  of  iron  and  the  anode  of  carbon.  The 
current  must  have  at  total  tension  of  5  "7  volts.  A  metric 
horse-power  (980  volt-amperes)  produced  by  a  dynamo 
gives,  per  hour,  64  grms.  chlorine  and  25  grms.  sodium 
carbonate. — Bericlitc. 

New  Mineralogical  Deposits  at  Tarapaca. — C. 
Ochsenius. — An  account  of  beds  of  astrakanide  and 
tamarugite  in  Chile.  The  particulars  may  be  found  in 
the  Chcmiker  Zeitung. 

Formation  of  Hydrogen  Sulphide  by  the  Acffion  of 
Steam  upon  Lyes  of  Calcium  Hydrosulphate. — H. 
Deutecom  and  F.  Rot’ne  [CUenxische  Industrie). — This 
paper  cannot  be  given  without  the  accompanying  tables. 

Generalities  on  Glasses. — From  Dingler's  Polyt. 
Journal.  A  series  of  analyses  of  different  qualities  of 
glass. 

A  New  Optical  Glass  [Dingier). — A  notice  of  the 
glass  containing  phosphoric  and  boric  acids,  and  used  for 
the  objed-glasses  of  microscopes.  It  is  said  that  by  its 
means  magnitudes  of  1-820,000  m.m.  can  be  recognised. 

The  Solubility  of  Sulphides  in  Glass.  — II.  Rich. 
Zsigmondy.  —  Previously  noticed. 

The  Oriental  Enamel  on  Bricks  and  its  Imitations. 
—  J.  Beck  [Journal  fur  Praktische  Chemie).  —  Already 
noticed. 

Colouring-Matters.— A  series  of  notes  summarised 
by  E.  Grandmoujin,  of  the  Chemical  School  of  Mulhouse. 

The  Industrial  Society  of  Mulhouse. — Session  of 
January  15th,  1S90.— M.  Descroix,  of  Viilefranche,  has 
used  a  system  of  dyeing  aniline  blacks  by  “  pulverisation.” 
He  has  abandoned  the  process  on  sanitary  grounds,  as 
the  health  of  the  woikmen  suffered  from  the  dust  of 
aniline  salt  and  potassium  dichromate  diffused  in  the  air. 

M.  Jeanmaire  gave  some  details  on  the  injury  to  cloth 
occasioned  by  iron-mordants.  Reducing  agents,  such  as 
phosphorous  and  arsenious  acids,  sodium  bisulphite,  &c., 
if  added  to  the  mordant,  retard  the  injuries,  whilst 
oxidisets  promote  them.  A  cloth  which  had  been  worked 
in  feirous  acetate  at  5"  B.  left  rolled  up  for  a  month  and 
then  dun.ed  was  weakened  to  the  extent  of  60  to  70  per 
cent.  The  adlion  was  especially  manifest  after  dunging. 
If  cloth  is  stean  e  1  immediately  after  mordanting  it  does 
not  suffer,  but  if  it  is  left  folded  up  and  then  steamed  the 
attack  is  manifested. 

Journal  de  Pharmacie  ct  de  Chimie. 

Series  5,  Vol.  xx.,  No.  12. 

Simultaneous  Determination  of  Carbon  and  Sul¬ 
phur  in  Organic  Matter. — M.  Prunier. —  Already  in¬ 
serted. 

New  Monobromo-camphor. — M.  Cazeneuve. 

On  the  Camphamimes,  a  New  Class  of  Bases 
derived  from  Camphor. — M.  Cazeneuve. — These  two 
papers  have'been  previously  noticed. 


Chemical  Notices  from  Foreign  Sources. 
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On  Eucalyptols. — M.  Pannetier. — This  produdt  is  a 
simple  mixture  of  salicylic  acid,  of  phenol,  and  of  essence 

of  eucalyptus. 

Poisoning  by  an  Edible  Fungus  (Helvetia  esculenta). 
— B.  Studer,  M.  Demme,  and  J.  Berlinerblau. — The 
fungus  in  question  belongs  to  the  class  of  Ascomycetes, 
and  is  commonly  eaten  in  some  parts  of  Germany.  In 
the  case  in  question  its  ingestion  was  followed  by  colic 
and  vomiting.  These  effects  are  traced  to  the  fadt  that 
during  the  desiccation  of  the  mushrooms  putrid  fermenta¬ 
tion  had  set  in,  determining  the  formation  of  putrefadion- 
alkaloids. 

Vol.  xxi.,  No.  1. 

Falsification  of  Tea  in  China. — M.  Riche. — Certain 
teas  seized  at  Dunkirk  and  Paris  did  not  differ  decidedly 
from  genuine  tea  in  their  ash  and  in  their  proportion  of 
tannin.  But  they  gave  no  crystalline  theine  at  all,  but 
in  its  stead  a  greenish  viscid  substance.  It  is  remarked 
that  the  highest  percentage  of  tannin  found  in  this  in¬ 
vestigation  was  i6'8o. 

Falsification  of  Tea  in  China.  —  E.  Coilin. —  The 
same  subjed  from  a  morphological  point  of  view.  The 
author  gives  cuts  showing  the  structural '  peculiarities  of 
true  and  spurious  teas,  both  as  seen  with  the  naked  eye 
and  with  the  microscope.  He  remarks  that  this  fraud  is 
more  readily  deteded  by  means  of  the  lens  than  by  che¬ 
mical  analysis.  .  Every  true  tea-leaf,  of  whatever  variety, 
has  serrated  edges. 

On  the  Castor  Oil  Seed. — E.  Villejean. — -M.  Still- 
rnarck  finds  that  the  residual  cake  from  the  extradion  of 
castor  oil  contains  a  considerable  proportion  of  a  poison 
which  is  tasteless,  more  violent  than  arsenic,  and  which 
cannot  be  extraded  from  the  human  body  by  any  known 
means.  The  fatal  dose  for  a  man  of  60  kilos,  is  18  c.m., 
a  quantity  found  in  3  grans.  of  the  castor-oil  cake.  This 
poison,  which  has  received  the  name  ricine,  is  neither  an 
alkaloid,  nor  a  glucoside,  nor  an  organic  acid,  but  an 
albumenoid. 

Fraudulent  Jalap. — M.  Fliickiger. — The  roots  of  jalap, 
which  in  1842  yielded  17  per  cent  of  resin,  now  rarely 
yield  more  than  12,  sometimes  only  7-50.  The  Mexican 
dealers  extrad  the  resin  from  the  roots  by  treatment  with 
alcohol. 

Are  the  Hyposulphites  good  Antiseptics  ? — Prof. 
Perroncito. — The  author  shows  that  cultures  of  chicken- 
cholera  do  not  lose  their  pathogenic  properties  by  being 
kept  for  forty-eight  hours  in  contad  with  solutions  of 
hyposulphite  (sodium  thiosulphite)  at  25  to  50  parts  per 
thousand. 


Journal  fur  Praktische  Chemie. 

New  Series,  Vol.  xli.,  Nos.  1  and  2. 

Researches  from  the  Laboratory  of  the  University 
of  Freiburg. — These  researches  comprise  :  —  Contribu¬ 
tions  to  the  knowledge  of  the  homologues  of  anthracene 
and  anthraquinone,  by  Karl  Elbs  ;  a  memoir  by  Ad.  Claus 
and  M.  Posselt  on  orthooxiquinoline  anasuiphonic  acid;  a 
paper  by  Ad.  Claus  and  G.  Pollitz  on  a-bromquinoline  ; 
and  a  memoir  by  Ad.  Claus  and  W.  Riippel  on  di-/3- 
naphthylene  ketone  oxide. 

Researches  from  the  Chemical  Laboratory  of  Prof. 
Alex.  Saytzeff  at  Kasan. — -This  consists  of  an  investiga¬ 
tion  of  the  first  oxide  of  the  pentavalent  alcohol  of 
diallylcarbinol. 

Certain  Derivatives  of  Piazine. — P.  W.  Arhenius. — ■ 
An  account  of  the  adion  of  chromic  acid  upon  derivatives 
of  diacidibydropiazine  and  of  the  dichlordiacipiazines. 

Adtion  of  Hydroxylamine  H\ drochlorate  upon 
Para-dioxyparaquinones. —  Fr.  Kehrmann  and  W. 
Tiesler. — Not  adapted  for  abstradion. 

Studies  on  Diastase.- — C.  J.  Lintner  and  F.  Eckhardt. 
— The  authors  conclude  that  both  to  gluten  and  mucedine 


there  adheres  a  substance  as  little  known  as  the  diastatic 
ferment  which  pisses  into  a  ferment  on  treatment  with 
dilute  acid  or  with  water  alone.  Tnis  hypothetical  sub. 
stance  may  receive  the  name  of  fermentogen  or  zymogen. 
Baderia  cannot  be  concerned  in  the  origin  of  diastase, 
since  they  do  not  exist  in  the  interior  of  the  grains  of  corn. 

Vol.  xli.,  No.  3. 

Researches  on  the  Sulphonicyamides. — P.  Heben- 
streit. — The  sulphonic  cyamides  form  no  acid  alkaline 
salts.  We  must  hence  assume  that  they  are  distinguished 
from  the  other  known  derivatives  of  cyanamide  by  their 
tendency  to  polymerisation.  The  insolubility  both  of  the 
acids  and  their  salts  in  ether  is  noteworthy.  The  acids  ob¬ 
tained  are  crystalline.  The  aromatic  sulphonic  cyamides 
contain  crystalline  water,  one  molecule  being  so  firmly 
bound  that  when  the  acids  are  decomposed  it  participates 
in  the  formation  of  the  resulting  produds.  Benzol- 
sulphonic  cyamide  forms,  when  heated,  benzolsulphona- 
mide,  but  benzolcyanamide  forms  when  heated  a  polymer. 
The  sulphonic  cyamides  are  strong  acids  and  form  definite 
salts  with  bases. 

Researches  from  the  Laboratory  of  the  University 
of  Freiburg. — These  comprise  contributions  to  a  know¬ 
ledge  of  the  homologues  of  anthracene  and  anthra¬ 
quinone,  by  K.  Elbs ;  on  the  sulphonic  acids  of  the 
normal  propylbenzol,  by  Ad.  Claus  and  O.  Weizel  ;  and 
on  para-oxyquinoline-sulphonic  acid,  by  Ad.  Claus  and 
M.  Posselt. 


MISCELLANEOUS 

University  College,  Dundee. — A  scholarship,  of  the 
value  of  ^30  a  year,  has  just  been  placed  at  the  disposal 
of  Prof.  Percy  Frankland  at  University  College,  Dundee, 
St.  Andrew’s  University,  by  Miss  E.  F.  Forster,  of 
London.  It  is  intended  that  the  student  holding  the 
same  shall  devote  the  whole  of  his  time  to  the  prosecution 
of  original  research.  The  scholarship,  which  will  be  known 
as  “  The  Forster  Scholarship,”  has  been  awarded  for  this 
year  to  Mr.  John  MacGregor,  M.A. 
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RAFFINOSE,  MELITOSE,  OR 

By  ARTHUR  R.  LING,  F.I.C; 

In  view  of  the  discussion  now  going  on  amongst  technical 
chemists  in  the  sugar  industry  as  to  the  presence  of 
raffinose-f-  in  certain  commercial  beet-root  sugars,  notably 
those  recovered  from  low  syrups,  I  have  been  induced  to 
compile  the  following  resume  of  the  chemical  work  which 
has  been  done  on  this  compound,  there  being,  so  far  as  I 
am  aware,  no  such  account  in  English  chemical  literature 
at  the  present  time. 

The  fad  that  raffinose  possesses  a  high  dextro-rotatory 
power  renders  its  detection  and  estimation  in  commercial 
sugars  a  matter  of  a  priori  importance,  since  the  per¬ 
centage  of  cane-sugar  in  the  same  is  invariably  deter¬ 
mined  by  the  optical  test. 

The  history  of  the  compound  commences  in  the  year 
1842,  when  Johnston  {Mem.  Cliem.  Soc.,  i.,  159)  separated 
a  sugar  from  a  species  of  eucalyptus  indigenous  to  Tas¬ 
mania.  He  ascribed  to  it  the  formula  CI2H280i4,  and 
showed  that  it  contained  water  of  crystallisation.  It  was 
next  examined  by  Berthelot  in  1856  ( Annates  chim.  [3], 
xlvi.,  66),  who  gave  it  the  name  melitose,  and  found  that 
it  had  a  specific  rotatory  power  [a]j  =  88,  that  it  was 
converted  by  the  adtion  of  dilute  acids  into  a  mixture  of 
a  fermentable  sugar — probably  glucose — and  a  non- 
fermentable  sugar,  eucalyn. 

Ritthausen,  in  1884  {your.  Pr.  Chem.  [2],  xxix.,  351), 
and  Bohm  {Ibid.,  xxx.,  37)  obtained  a  sugar  from  cotton 
seed,  which  the  former  regarded  as  identical  with 
Berthelot’s  melitose,  whilst  the  latter  considered  it  a 
distindt  substance,  and  called  it  gossypose. 

In  the  year  1876  Loiseau  (Compt.  rend.,  lxxxii.,  1058) 
separated  a  crystalline  sugar  from  the  beet-root  molasses 
of  Messrs.  Sommier  et  Cie.  which  had  the  composition 
Ci8H320I6,5H20,  and  possessed  a  relative  rotation  to 
that  of  cane-sugar,  159:  100;  this  he  called  raffinose. 
Tollens  {Ber.,  xviii.,  26)  expressed  the  view  that  raffinose 
was  identical  with  the  sugar  from  cotton-seed,  and 
probably  also  with  Berthelot’s  melitose,  but  he  confirmed 
Loiseau’s  number  for  the  rotatory  power.  This  was 
finally  established  by  Scheibler  {Ber.,  xviii.,  1779)  and  by 
Rischbiet  and  Tollens  {Ibid.,  2611  ;  Annalen,  ccxxxii., 
169). 

O’Sulivan  has  separated  raffinose  from  barley  {Chem. 
Soc.  your.  Trans.,  1886, 70),  and  v.  Lippmann  {Ber.,  xviii., 
3087;  xxi.  Ref. ,  889)  has  demonstrated  its  presence  in 
beet-roots  themselves. 

In  his  first  experiments  Tollens  {loc.  cit.)  favoured  the 
formula  Ci2H220n,3H20  of  Berthelot,  Ritthausen,  and 
Bohm,  inasmuch  as  he  found  that  raffinose  lost  about  13 
p.c.  of  water  at  ioo°,  and  that  decomposition  begins 
above  this  temperature,  but  it  was  subsequently  shown 
by  Scheibler  {loc.  cit.),  that  when  the  compound  is  dried, 
first  in  a  partial  vacuum  over  concentrated  sulphuric 
acid  for  about  a  fortnight,  and  then  at  100°.  a  loss  of 
about  15  p.  c.  of  water  is  attained,  which  corresponds  to 
that  demanded  by  Loiseau’s  formula,  CI8H320I6,5H20. 
Rischbiet  and  Tollens  then  showed  that  the  amount  of 


*  An  abstradt  of  this  paper  was  read  at  the  Conference  of  Chemists 
held  at  the  Beetroot  Sugar  Association’s  Rooms  on  June  26,  1890,  to 
consider  the  methods  for  the  detection  and  estimation  of  raffinose. 

t  Throughout  this  paper  I  have  made  use  of  the  name  raffinose, 
since,  although  the  objection  that  it  is  based  on  the  misconception 
that  the  compound  is  formed  during  a  process  of  refining  from  cane- 
sugar  has  been  urged  against  it  by  several  eminent  German  chemists,  I 
it  is  more  generally  known  in  England  by  this  name.  1 


mucic  acid  obtained  on  oxidising  raffinose  with  nitric 
acid  was,  assuming  that  the  compound  yields  a  third  of 
its  weight  of  galadtose,  consistent  with  Loiseau’s 
'ormula,  but  from  a  consideration  of  the  sodium  deriva- 
ive,  which  they  found  contained  6 — 7  p.  c.  of  sodium, 
hey  were  led  to  double  this  formula.  The  determina- 
ions  of  the  molecular  weight  made  since  by  Tollens  and 
Mayer  {Ber.,  xxi.,  1566)  and  by  Brown  and  Morris 
(Chem.  Soc.  your.  Trans.,  1888,  619),  who  employed 
Raoult’s  freezing-point  method,  as  well  as  that  of 
de  Vries  {Compt.  rend.,  cvi.,  751),  who  determined  the 
isotonic  coefficient,  point,  however,  to  the  simpler 
formula. 

In  molasses  rich  in  raffinose  the  latter  separates  out 
on  standing,  whilst  from  such  as  contains  less  Scheibler’s 
method  {Ber.,  xviii.,  1409)  may  be  employed  for  its  isola¬ 
tion.  This  consists  in  converting  the  mixed  sugars  into  the 
mono-strontia  compounds  and  cooling,  when  about  75 
p.  c.  of  the  cane-sugar  separates  out  as  mono-strontia 
saccharate ;  the  filtrate  is  boiled  with  an  excess  of  stron¬ 
tium  hydroxide,  and  the  precipitate  containing  the  di- 
strontia  compounds  of  raffinose  and  cane-sugar  decom¬ 
posed  by  a  current  of  carbonic  anhydride.  The  process 
is  then  repeated,  a  syrup  being  ultimately  obtained  con¬ 
sisting  chiefly  of  raffinose,  the  compound  being  finally 
purified  by  crystallisation  from  alcohol. 

Raffinose  crystallises  in  needles  or  prisms  which  are 
almost  insoluble  in  absolute  alcohol  but  very  easily 
soluble  in  water.  Its  specific  rotatory  power  is,  according 
to  Landolt  {Ber.,  xxi.,  198),  [a]D=  104*5 ,  which  represents 
the  mean  of  the  values  obtained  by  Scheibler,  Tollens, 
Rischbiet  and  Tollens,  v.  Lippmann,  Loiseau,  and  Ritt¬ 
hausen.  Beythien  and  Tollens  have  more  recently  given 
the  value  [a]D=i04‘4  ( Annalen ,  cclv.,  195). 

It  has  been  shown  by  Rischbiet  and  Tollens  {Annalen, 
ccxxxii.,  no)  that  when  raffinose  is  warmed  on  the 
water-bath  with  dilute  acids  under  fixed  conditions,  the 
specific  rotatory  power  is  reduced  to  about  one-half,*  but 
that  if  more  concentrated  acid  be  employed  and  the 
heating  continued  for  a  longer  time  the  reduction  in 
rotation  reaches  one  fifth,  with  the  formation  of  a  certain 
amount  of  humus  matter  {cf.  Scheibler  and  Mittelmeier, 
Ber. ,  xxii.,  1684).  This  has  been  confirmed  by  numerous 
observers.  Rischbiet  and  Tollens  {Ber.,  xviii.,  2611)  have 
shown  further  that  when  raffinose  is  heated  for  a  consider¬ 
able  time  with  acids,  levulinic  acid  is  produced,  and 
have  confirmed  Berthelot’s  statement  that  mucic  acid  is 
formed  when  raffinose  is  oxidised  with  nitric  acid,  the 
amount  obtained  under  the  conditions  given  being  22 — 23 
per  cent  of  the  weight  of  raffinose. f  Raffinose  does  not 
reduce  Fehling’s  solution  until  after  heating  with  acids, 
and,  like  cane-sugar,  it  is  stable  in  alkaline  solution.  It 
possesses  only  a  very  faint  sweet  taste.  Rischbiet  and 
Tollens  {Annalen,  ccxxxii.,  no)  have  found  that  raffinose 
is  completely  fermentable  with  yeast.  Berthelot 
[Compt.  rend.,  cix.,  548)  finds,  however,  that  an  adtive 
yeast  completely  ferments  it,  but  a  weak  yeast  only  about 
one-third,  whilst  Loiseau  {Compt.  rend.,  cix.,  614)  states 
that  fermentation  is  complete  with  a  low  fermentation 
yeast,  but  only  reaches  one-third  with  a  high  one.  There 
appears  to  be  no  sharp  qualitative  test  for  the  recognition 
of  raffinose. 

The  fadl  that  raffinose  yields  compounds  with  bases 
has  long  been  known,  and  has  been  specially  studied  by 
Scheibler  and  by  Beythien  and  Tollens  (Btfr.,xxii.,  1047; 
Annalen,  cclv.,  195).  Di-strontia  raffinose, — 

Ci8H320i6,2Sr0,H20, 

baryta  raffinose,  CIsH320I6,Ba0,  di-baryta  raffinose, 


*  Scheibler  and  Mittelmeier  (Ber.,  xxii..  3120)  state  that  a  dilute 
solution  of  the  invertase  of  yeast  has  an  adtion  at  the  ordinary  tem¬ 
perature  similar  to  that  of  dilute  acids  at  a  higher  temperature, 
whilst  a  strong  solution  at  40°  determines  the  complete  inversion. 

+  Assuming  that  galadtose  forms  a  third  part  of  the  total  inversion 
produdt,  since  this  sugar  yields  about  75  p.  c.  of  mucic  acid  on  oxida¬ 
tion  with  nitric  acid,  the  amount  obtainable  from  raffinose  should  be 
227  p.  c.  (Rischbiet  and  Tollens,  loc.  cit.). 
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Ci8H32Oi6,2BuO,  lime  raffinose,  CIsH320I6,3Ca0,2H20, 
are  known  and  are  obtained  by  treating  raffinose  with  the 
respective  oxides.  A  lead  oxide  compound, — 

Ci8H320i6i3PbC), 

obtained  by  adding  ammoniacal  lead  acetate  to  an 
aqueous  solution  of  raffinose,  and  the  sodium  derivatives, 
CrsH^O^Na  and  CI8H3I0I6Na,Na0H,  also  exist  ( cf , 
also  Rischbiet  and  Tollens,  Aniictlen,  ccxxxii.,  182). 

Since  raffinose  possesses  the  formula  Cx8H320T6,5H20 
it  might  be  conjectured  that  it  was  built  up  of  three  hexose- 
glucose  residues,  just  as  cane-sugar,  maltose,  milk-sugar, 
&c.,  are  built  up  of  two,  and  if  this  were  so  it  would  be, 
adopting  Scheibler’s  nomenclature  [Bey.,  xix.,  2870),  a 
triose.  Hence  the  name  melitriose.  It  has  already  been 
stated  that  when  raffinose  is  warmed  with  dilute  acids 
the  rotatory  power  is  reduced  to  about  one-half;  now 
Rischbiet  and  Tollens  have  found  that  alcohol  extracts  a 
glucose  from  this  inversion  syrup,  having  about  the 
optical  rotation  of  levulose  ;  this  observation  has  been 
confirmed  by  Scheibler  and  Mittelmeier  [Ber.,  xxii.,  1678), 
who  adduced  further  evidence  that  it  was  levulose  by 
showing  that  it  yielded  Emil  Fischer’s  phenylglucosazone 
on  treatment  with  phenylhydrazine  acetate.  The  last- 
mentioned  chemists  have  also  shown,  by  means  of  the 
phenylhydrazine  reaction,  that  the  accompanying  product 
contained  in  the  inversion  syrup  is  a  sugar  having  the 
composition  C12H22OH,*  which  they  have  named  meli- 
biose  ;  it  follows,  therefore,  that  when  raffinose  is  warmed 
with  dilute  acid  it  is  hydrolysed  in  accordance  with  the 
following  equation  : — 

Ci8ti3aOi6  -f-  H20  —  C12H22O11  -f-  EgH  j2Oq. 

Melibiose.  Levulose. 

In  considering  the  secondary  inversion  of  raffinose,  i.e., 
when  it  is  heated  with  more  concentrated  acid,  the  faCt 
that  it  yields  mucic  acid  when  heated  with  nitric  acid 
gave  at  once  a  clue  that  one  of  the  inversion  products  was 
galaCtose ;  Rischbiet  and  Tollens  have  indeed  isolated 
this  sugar  from  the  secondary  inversion  product  of 
-  raffinose,  and  the  discovery  of  Ganz  and  Tollens  ( Chern . 
Zeit.,  xi.,  772,  1171)  that  saccharic  acid  is  also  one  of 
products  of  the  action  of  nitric  acid  on  raffinose  renders  it 
extremely  probable  that  the  latter  is  derived  from 
dextrose,  and  that  this  sugar  also  forms  one  of  the  pro¬ 
ducts  of  the  hydrolysis  of  raffinose,  the  more  so  as  a 
search  for  other  glucoses,  e.g.,  mannose,  with  phenyl¬ 
hydrazine  has  led  to  negative  results  (cf.  Beythien  and 
Tollens,  Annalen,  cclv.,  214),  If,  therefore,  the  above  is 
correCt,  melibiose  must,  like  milk-sugar,  be  made  up  of  a 
dextrose  and  a  galaCtose  residue.  The  complete  inversion 
of  raffinose  will,  therefore,  take  place  in  accordance  with 
the  equation — 

Ci8H320i6  +  2H20  =  C6H12O6  -f-  C6H12O6  T  CeHi206. 

Levulose.  Dextrose.  GalaCtose. 

In  order  to  prove  that  when  raffinose  is  completely  in¬ 
verted  only  simple  glucoses  are  present  Scheibler  and 
Mittelmeier  have  shown  (Bey.,  xxii.,  1684)  that  the  mixed 
osazones  obtained  from  such  a  solution  are  insoluble  in 
water,  a  property  which,  according  to  Emil  Fischer,  is 
characteristic  of  the  osazones  of  glucoses ;  and  to  lend 
further  support  to  the  view  that  the  inversion  product  is 
in  reality  a  mixture  of  levulose,  dextrose,  and  galaCtose, 
which  would  yield,  on  conversion  into  osazone,  two-thirds 
of  glucosazone  and  one  of  galaClosazone,  the  mixed 
osazones  were  compared  with  a  mixture  of  the  pure 
substances  in  these  proportions,  and  found  to  possess  the 
same  melting-point,  200— 201°. 

It  will  now  be  necessary  to  consider  the  nature  of 
melibiose,  which  may  be  prepared  from  raffinose  either  by 
the  aCtion  of  yeast,— the  invertase  of  which  partially 

*  The  elementary  analysis  of  this  compound  has  been  published 
within  the  last  few  weeks  (Scheibler  and  Mittelmeier,  Ber.,  xxiii., 
1488). 


inverts  the  raffinose,  the  levulose  formed  being  subse¬ 
quently  destroyed  by  fermentation, — or  by  that  of  dilute 
sulphuric  acid,  in  which  case  the  levulose  is  extracted  by 
alcohol.  Melibiose  is  not  only  isomeric  with  milk-sugar, 
but  appears  to  be  derived  from  the  same  proximate  con¬ 
stituents,  e.g.,  dextrose  and  galaCtose.  That  it  is  not 
identical  with  milk-sugar  is  shown  by  the  high  rotation 
of  partially  inverted  raffinose  (near  50,  or  about  the 
rotatory  power  of  milk-sugar  itself),  which  is  known  to 
contain  a  third  of  its  weight  of  (left-handed)  levulose. 
Scheibler  and  Mittelmeier  find  (Bey.,  xxii.,  1681)  that 
melibiosazone  has  the  same  composition,  C24H32N409, 
as  that  which  Fischer  has  assigned  to  lactoseazone,  but 
that  the  two  compounds  differ  slightly  in  properties,  and 
they  have  further  characterised  melibiose  (Bey.,  xxiii.,  1440) 
by  its  specific  rotatory  power,  [a]o  =  i27  (approx.),  by  its 
hydrazone,  Ci8H280i0N,  melting  at  1450,  and  by  its 
oCtacetyl  derivative,  which  crystallises  in  needles  melting 
at  170 — 1710.  The  latter  has  a  bitter  taste,  and  possesses 
a  specific  rotation  in  a  mixture  of  two  parts  of  alcohol 
and  one  of  chloroform,  [a]D  =  94'2;  it  reduces  Fehling’s 
solution  on  warming,  but  does  not  reaCt  with  phenylhydra¬ 
zine.  OCtacetyl-laClose  melts  at  86°. 

It  has  been  already  rendered  probable  that  melibiose 
contains  an  aldehyd  group  by  the  faCt  that  it  reaCts  with 
phenylhydrazine,  and  Scheibler  and  Mittelmeier  have 
strengthened  this  hypothesis  in  a  most  ingenious  manner 
(Bey.,  xxii.,  3122).  They  have  shown  that  when  a 
solution  of  melibiose  is  reduced  by  sodium  amalgam, 
being  kept  neutral  by  the  addition  of  dilute  sulphuric  acid 
from  time  to  time,  the  resulting  solution  does  not  reduce 
Fehling’s  solution  until  it  has  been  boiled  with  dilute 
sulphuric  acid.  The  aldehyd  group  of  the  melibiose, 
therefore,  probably  undergoes  reduction  to  an  alcohol 
group— 

CiiH2iOio'C:OH  +  H2  =  CiiH2iOio-CH20H 

Melibiose.  (?  Melibiotitol). 

a  compound  melibiotitol*  being  formed  which  undergoes 
hydrolysis  with  acids  into  galaCtose  and  mannitol. 

Ci2H24Oxi  4-  H20  =  C6H12O6  +  C6Hi406 

(?  Melibiotitol).  GalaCtose.  (?  Mannitol), 

The  solution  containing  the  inverted  substance  gives 
with  phenylhydrazine — phenylgalaCtosazone;  the  presence 
of  galaCtose  is  therefore  demonstrated. 

Going  back  to  raffinose,  it  appears  highly  probable  that 
this  compound  does  not  contain  a  free  aldehyd  group, 
but  that  melibiose,  which  differs  from  it  by  the  splitting 
off  of  a  levulose  residue,  does;  also  that  this  aldehyd  is 
reduced  to  an  alcohol  group  on  treatment  with  sodium 
amalgam.  Scheibler  and  Mittelmeier  assume  that  since 
melibiose  is  composed  of  a  dextrose  and  a  galaCtose 
residue,  it  is  the  former  which  carries  the  aldehyd  group, 
inasmuch  as  when  the  hypothetical  alcohol,  melibiotitol, 
again  undergoes  hydrolysis,  galaCtose  is  the  glucose  ob¬ 
tainable. 

If  this  be  so,  the  following  will  represent  the  order  of 
the  different  residues  in  the  molecule  of  raffinose. 


Ri 

| 

1 

Rii 

1 

Riii 

1 

Levulose  residue. 

Dextrose  residue. 

GalaCtose  residue. 

Now,  although  this  conclusion  is  based  on  altogether 
too  slender  evidence  to  be  considered  final,  it  certainly 
explains  what  is  known  of  the  behaviour  of  raffinose  in  a 
satisfactory  manner;  e.g.,  the  degree  of  firmness  with 
which  R;  and  Rij  are  held  together  in  the  raffinose  mole¬ 
cule  corresponds  exactly  to  that  with  which  the  levulose 
and  dextrose  residues  are  held  together  in  the  cane-sugar 


*  The  existence  of  this  compound  is  simply  inferred;  it  was  not 
isolated. 
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molecule,  and  further  that  of  Rii  and  Bin  to  that  of  the 
dextrose  and  galadtose  residues  in  the  milk-sugar  mole¬ 
cule. 

Emil  Fischer  has  proposed  the  following  constitutional 
formula  for  milk-sugar — 

CHsOH,CHOH)tCH<°|^CHOH)2CHOH.COH 


Galadtose  residue. 


Dextrose  residue. 


Schiebler  and  Mittelmeier  consider  this  to  be  the  most 
probable  formula  for  melibiose  also,  but  that  the  differ¬ 
ence  between  the  latter  and  milk- sugar  lies  in  the  differ¬ 
ence  of  the  combination  of  the  carbinol  groups  of  the 
dextrose  with  the  aldehyd  group  of  the  galadtose. 

Scheibler  and  Mittelmeier  have  found  (Ber.,  xxiii.,  1441) 
that  raffinose  forms  an  undecacetyl  derivative, 
Ci8H2i05,(0C2H30)ii,  which  is  easily  soluble  in  hot 
alcohol  and  is  precipitated  on  cooling  as  an  amorphous 
powder.  It  melts  at  gg — ioo°,  has  a  bitter  taste,  does 
not  reduce  Fehling’s  solution,  and  possesses  a  specific 
rotation  at  17°  in  8  per  cent,  alcoholic  solution,  [ix]d  =  92'2. 
The  existence  of  this  compound  indicates  that  raffinose 
contains  eleven  hydroxyl  groups,  and  the  presence  of  a 
larger  number  is  not  conceivable. 


THE  POISONING  OF  A  FAMILY  BY 
MUSSELS. 

By  A.  B,  GRIFFITHS,  Ph.D.,  F.R.S.  (Edin  ),  &c. 

According  to  the  daily  papers  “  an  analysis  is  being 
made  of  the  mussels  by  which  Mrs.  O’Connor  and  her 
four  daughters  were  poisoned  at  Seapoint,  near  Dublin, 
and  also  of  the  water  where  they  were  gathered.  The 
children  had  been  in  the  habit  of  taking  mussels  from  a 
tidal  pond  into  which  the  sewage  flows,  and  although  it 
was  agreed  by  the  medical  men  at  the  inquest  that 
mussels  in  a  healthy  state  are  not  poisonous,  it  was 
stated  that  they  frequently  become  so  when  found  in  the 
vicinity  of  impure  water.” 

There  is  little  doubt  that  the  poisoning  was  due  to  the 
adtion  of  alkaloids  (ptomaines),  developed,  by  the  agency 
of  putrefadtive  microbes,  in  the  muscular  tissues  of  the 
mussels  in  question.  Ptomaines  belonging  to  the  pyri¬ 
dine  and  hydropyridine  series  of  organic  bases  are  readily 
formed  when  the  muscular  tissues  of  the  Invertebrata  (as 
well  as  the  Vertebrata)  undergo  putrefadtion. 

Such  compounds  as  : — 

Lutidine  (C7H9N).  Hydrolutidine  (C7HuN). 

Collidine  (CsH^N).  Hydrocollidine  (C8H13N). 

Parvoline  (CqHi3N).  — 

Coridine  (Ci0Hi5N).  Hydrocoridine  (CI0Hi7N). 

have  been  isolated  from  putrid  albuminous  substances. 

These  bases  are  easily  extradled  by  the  methods  of 
Gautier,*  Brieger,f  and  Stas. 

Gautier,  Brieger,  Nencki,  Guareschi,  Mosso,  and  the 
author  of  this  note,  have  extradled  poisonous  animal 
alkaloids  belonging  to  the  pyridine  and  hydropyridine 
series,  as  well  as  certain  oxygenised  bases,  from  putrid 
muscular  tissues. 

Bearing  on  the  subjedt  of  poisoning  by  mussels,  it  may 
be  stated  that  Dr.  O.  de  Coninck  ( Comptes  Retidus  de 
V Academic  des  Sciences,  vol.  cvi.,  p.  858)  has  recently 
isolated  both  collidine  and  coridine  from  the  muscular 
tissue  of  Sepia  officinalis  (the  cuttle-fish)  after  putrefac¬ 
tion. 

There  is  no  doubt  that  pyridine  and  other  bases  of  a 
poisonous  nature  are  constant  products  of  the  putrefadtion 


*  Comptes  Rendus,  vol.  xciv.,  p.  1357;  p.  1598;  vol.  xcvii.,  p.  263; 
P-  325- 

t  Ueber  Ptomaines. 


of  muscular  tissues,  not  only  of  the  Vertebrata  but  also  of 
the  Invertebrata. 

Hence  there  is  every  reason  to  believe  that  the  poison¬ 
ing  of  Mrs.  O’Connor  and  her  daughters  was  due  to  the 
formation  of  poisonous  alkaloids  by  the  adttion  of  putre¬ 
fadtive  microbes  on  the  muscular  tissues  of  the  mussels. 


FOAM.* 

By  the  Right  Hon.  LORD  RAYLEIGH,  M.A.,  D.C.L.,  LL.D., 
F.R.S.,  Professor  of  Natural  Philosophy,  R.I. 

(Concluded  from  p.  4). 

I  want  now  to  bring  to  your  notice  certain  properties  of 
soap  solutions,  which,  however,  are  not  quite  so  novel  as 
I  thought  when  I  first  came  upon  them  in  my  own  in¬ 
quiries. f  If  we  measure  by  statical  or  slow  methods  the 
surface  tension  of  soapy  water,  we  find  that  it  is  very 
much  less  than  that  cf  clean  water.  We  can  prove  this 
in  a  very  diredt  manner  by  means  of  capillary  tubes. 
Here,  shown  upon  the  screen,  are  two  tubes  of  the  same 
diameter,  in  which,  therefore,  if  the  liquids  were  the  same, 
there  would  be  the  same  elevation ;  one  tube  dips  into 
clean  water,  and  the  other  into  soapy  water,  and  the 
clean  water  rises  much  (nearly  three  times)  higher  than 
the  soapy  water. 

Although  the  tension  of  soapy  water  is  so  much  less 
than  that  of  pure  water  when  measured  in  this  way,  I  had 
some  reason  to  suspedt  that  the  case  might  be  quite  dif¬ 
ferent  if  we  measured  the  tensions  immediately  after  the 
formation  of  the  surfaces.  I  was  led  to  think  so  by 
pondering  on  Marangoni’s  view  that  the  behaviour  of 
foaming  liquids  was  due  to  the  formation  of  a  pellicle 
upon  their  surfaces  ;  for  if  the  change  of  property  is  due  to 
the  formation  of  a  pellicle,  it  is  reasonable  to  suppose  that 
it  will  take  time,  so  that  if  we  can  make  an  observation 
before  the  surface  is  more  than  say  TJn  of  a  second  old, 
we  may  expedt  to  get  a  different  result.  That  may  seem 
an  impossible  feat,  but  there  is  really  no  difficulty  about 
it ;  all  that  is  necessary  is  to  observe  a  jet  of  the  substance 
in  question  issuing  from  a  fine  orifice.  If  such  a  jet 
issues  from  a  circular  orifice  it  will  be  cylindrical  at  first, 
and  afterwards  resolve  itself  into  drops.  If,  however,  the 
orifice  is  not  circular,  but  elongated  or  elliptical,  the  jet 
undergoes  a  remarkable  transformation  before  losing  its 
integrity.  As  it  issues  from  the  elliptical  orifice,  it  is  in 
vibration,  and  trying  to  recover  the  circular  form  ;  it  does 
so,  but  afterwards  the  inertia  tends  to  carry  it  over  to  the 
other  side  of  equilibrium.  The  sedtion  oscillates  between 
the  ellipse  in  one  diredtion  and  the  ellipse  in  the  perpen¬ 
dicular  direction.  The  jet  thus  acquires  a  sort  of  chain¬ 
like  appearance,  and  the  period  of  the  movement  repre¬ 
sented  by  the  distance  between  corresponding  points  A, 
B,  Fig.  3,  is  a  measure  of  the  capillary  tension  to  which 
these  vibrations  of  the  elliptical  sedtion  about  the  circular 
form  are  due.  A  measure,  then,  of  the  wave-length  of 
the  recurrent  pattern  formed  by  the  liquid  gives  us  in¬ 
formation  as  to  the  tension  immediately  after  escape ;  and 
if  we  wish  to  compare  the  tensions  of  various  liquids,  all 
we  have  to  do  is  to  fill  a  vessel  alternately  with  one 
liquid  and  another,  and  compare  the  wave-lengths  in  the 
various  cases.  The  jet  issues  from  a  flask,  to  which  is 
attached  below  a  tubular  prolongation  ;  the  aperture  is 
made  small  in  order  that  we  may  be  able  to  deal  with 
small  quantities  of  liquid,  You  now  see  the  jet  upon  the 
screen  (Fig.  3),  it  issues  from  the  orifice ;  it  oscillates, 
and  we  can  get  a  comparative  measure  of  the  tension  by 
observing  the  distance  between  corresponding  points 
(A,  b). 

If  we  were  now  to  take  out  the  water,  and  substitute 


*  A  Lecture  delivered  at  the  Royal  Institution  of  Great  Britain, 
March  28,  i8go. 

t  I  here  allude  to  the  experiments  of  Dupre,  and  to  the  masterly 
theoretical  discussion  of  liquid  films  by  Professor  Willard  Gibbs. 
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for  it  a  moderately  strong  solution  of  soap  or  saponine, 
we  should  find  but  little  difference,  showing  that  in  the 
first  moments  the  tension  of  soapy  water  is  not  very  dif¬ 
ferent  from  that  of  pure  water.  It  will  be  more  interesting 
to  exhibit  a  case  in  which  a  change  occurs.  I  therefore 
introduce  another  liquid,  water  containing  10  per  cent,  of 
alcohol,  and  you  see  that  the  wave-length  is  different 
from  before.  So  this  method  gives  us  a  means  of  investi¬ 
gating  the  tensions  of  surfaces  immediately  after  their 
formation.  If  we  calculate  by  known  methods  how  long 
the  surface  has  been  formed  before  it  gets  to  the  point  b, 
at  which  the  measurement  is  concluded,  we  shall  find  that 
it  does  not  exceed  of  a  second. 


Fig.  3. 


Another  important  property  of  contaminated  surfaces 
is  what  Plateau  and  others  have  described  as  superficial 
viscosity.  There  are  cases  in  which  the  surfaces  of 
liquids — of  distilled  water,  for  example — seem  to  exhibit 
a  special  viscosity,  quite  distinct  from  the  ordinary  in¬ 
terior  viscosity,  which  is  the  predominant  faCtor  in  deter¬ 
mining  the  rate  of  flow  through  long  narrow  tubes. 
Plateau’s  experiment  was  to  immerse  a  magnetised 
compass  needle  in  water;  the  needle  turns,  as  usual, 
upon  a  point,  and  the  water  is  contained  in  a  cylindrical 
vessel,  not  much  larger  than  the  free  rotation  of  the 
needle  requires  (Fig.  4).  The  observation  relates  to  the 
time  occupied  by  the  needle  in  returning  to  its  position  of 
equilibrium  in  the  meridian,  after  having  been  deflected 
into  the  east  and  west  positions,  and  Plateau  found  that 

Fig.  4. 


in  the  case  of  water  more  time  was  required  when  the 
needle  was  just  afloat  than  when  it  was  wholly  immersed, 
whereas  in  the  case  of  alcohol  the  time  was  greater  in  the 
interior.  The  longer  time  occupied  when  the  needle  is 
upon  the  surface  of  water  is  attributed  by  Plateau  to  an 
excessive  superficial  viscosity  of  that  body. 

Instead  of  a  needle  I  have  here  a  ring  of  brass  wire 
(Fig.  5),  floating  on  the  surface  of  the  water.  You  see 
upon  the  screen  the  image  of  the  ring,  as  well  as  the 
surface  of  the  water,  which  has  been  made  visible  by 
sulphur.  The  ring  is  so  hung  from  a  silk  fibre  that  it  can 
turn  upon  itself,  remaining  all  the  while  upon  the  surface 
of  the  water.  Attached  to  it  is  a  magnetic  needle,  for  the 
purpose  of  giving  it  a  definite  set,  and  of  rotating  it  as 


required  by  an  external  magnet.  On  this  water,  which  is 
tolerably  clean,  when  the  ring  is  made  to  turn,  it  leaves 
the  dust  in  the  interior  entirely  behind.  That  shows  that 
the  water  inside  the  ring  offers  no  resistance  to  the  shear¬ 
ing  adtion  brought  into  play.  The  part  of  the  surface  of 
water  immediately  incontadt  with  the  ring  no  doubt  goes 
round  ;  but  the  movement  spreads  to  a  very  little  dis¬ 
tance.  The  same  would  be  observed  if  we  added  soap. 

Fig.  5. 


But  if  I  add  some  saponine,  we  shall  find  a  different 
result,  and  that  the  behaviour  of  the  dust  in  the  interior 
of  the  ring  is  materially  altered.  The  saponine  has 
stiffened  the  surface,  so  that  the  ring  turns  with  more  dif¬ 
ficulty ;  and  when  it  turns,  it  carries  round  the  whole  interior 
with  it.  The  surface  has  now  got  a  stiffness  from  which 
it  was  free  before  ;  but  the  point  upon  which  I  wish  to  fix 
your  attention  is  that  the  surface  of  pure  water  does  not 


Fig.  6. 


behave  in  the  same  way.  If,  however,  we  substitute  for 
the  simple  hoop  another  provided  with  a  material 
diameter  (Fig.  6),  lying  also  in  the  surface  of  the  water, 
then  we  shall  find,  as  was  found  by  Plateau  in  his  experi¬ 
ment,  that  the  water  is  carried  round.  In  this  case,  it  is 
no  longer  possible  for  the  surface  to  be  left  behind,  as  it 
was  with  the  simple  hoop,  unless  it  is  willing  to  undergo 
local  expansions  and  contractions  of  area.  The  difference 
of  behaviour  proves  that  what  a  water  surface  resists  is 
not  shearing,  but  expansions  and  contractions  ;  in  faCt,  it 
behaves  just  as  a  contaminated  surface  should  do.  On  this 
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supposition,  it  is  easy  to  explain  the  effects  observed  by 
Plateau  ;  but  the  question  at  once  arises,  can  we  believe 
that  all  water  surfaces  hitherto  experimented  upon  are 
sensibly  contaminated  ?  and  if  yes,  is  there  any  means 
by  which  the  contamination  may  be  removed  ?  I  cannot 
in  the  time  at  my  disposal  discuss  this  question  fully,  but 
I  may  say  that  I  have  succeeded  in  purifying  the  surface 
of  the  water  in  Plateau’s  experiment,  until  it  behaved  like 
alcohol.  It  is  therefore  certain  that  Plateau’s  superficial 
viscosity  is  due  to  contamination,  as  was  conjectured  by 
Marangoni. 

I  must  now  return  to  the  subject  of  foam,  from  which  I 
may  seem  to  have  digressed,  though  I  have  not  really 
done  so.  Why  does  surface  contamination  enable  a  film 
to  exist  with  greater  permanence  than  it  otherwise  could? 
Imagine  a  vertical  soap  film.  Could  the  film  continue  to 
exist  if  the  tension  were  equal  to  all  its  parts  ?  It  is 
evident  that  the  film  could  not  exist  for  more  than  a 
moment ;  for  the  interior  part,  like  the  others,  is  adted  on 
by  gravity,  and,  if  no  other  forces  are  adting,  it  will  fall 
16  feet  in  a  second.  If  the  tension  above  be  the  same  as 
below,  nothing  can  prevent  the  fall.  But  observation 
proves  that  the  central  parts  do  not  fall,  and  thus  that 
the  tension  is  not  uniform,  but  greater  in  the  upper  parts 
than  in  the  lower.  A  film  composed  of  pure  liquid  can 
have  but  a  very  brief  life.  But  if  it  is  contaminated,  there 
is  then  a  possibility  of  a  different  tension  at  the  top  and 
at  the  bottom,  because  the  tension  depends  on  the  degree 
of  contamination.  Supposing  that  at  the  first  moment 
the  film  were  uniformly  contaminated,  then  the  central 
parts  would  begin  to  drop.  The  first  effect  would  be  to 
concentrate  the  contamination  on  the  parts  underneath 
and  diminish  it  above.  The  result  of  that  would  be  an 
increase  of  tension  on  the  upper  parts.  So  the  effedt 
wou'd  be  to  call  a  force  into  play  tending  to  check  the 
motion,  and  it  is  only  in  virtue  of  such  a  force  that  a  film 
can  have  durability.  The  main  difference  between  a 
material  that  will  foain  and  one  that  will  not  is  in  the 
liability  of  the  surface  to  contamination  from  the  interior. 

I  find  my  subjedt  too  long  for  my  time,  and  must  ask 
you  to  excuse  the  hasty  explanations  I  have  given  at  some 
parts.  But  I  was  anxious  above  all  to  show  the  principal 
experiments  upon  which  are  based  the  views  that  I  have 
been  led  to  entertain. 


COLORIMETRIC  METHOD  FOR  ESTIMATING 
TANNIN  IN  BARKS,  See. 

By  SAMUEL  J.  HINSDALE,  Fayetteville,  N.C. 

Dissolve  0^04  grm.  potassic  ferricyanide  in  500  c.c. 
water,  and  add  to  it  1*5  c.c.  (about  22  drops)  Liquor 
Ferri  Chloridi.  Call  this  Iron  Mixture. 

Dissolve  o-04  grm.  “Pure  Tannin”  (gallotannic  acid), 
which  has  been  dried  at  2120  F.  in  500  c.c.  of  water.  Call 
this  tannin  solution. 

Exhaust  o‘8  grm.  oak  bark  with  boiling  water,  and 
make  it  up  to  500  c,c.  with  cold  water. 

Place  six  2-ounce  clear  glass  tumblers  (or  beaker  glasses) 
on  a  white  surface,  and  in  one  of  them,  with  a  dropping 
pipette  (about  four  inches  long  and  one-quarter  inch  wide), 
about  half  filled,  put  five  drops  of  the  infusion  of  bark, 
and  in  the  others,  with  the  same  pipette  (after  rinsing), 
put  4,  5,  6,  7,  and  8  drops  of  the  “  tannin  solution.” 
(The  drops  of  the  infusion  and  of  the  tannin  solution 
must  be  uniform.  The  use  of  the  same  pipette,  about 
half  filled,  insures  that). 

Now,  add  to  each  5  c.c.  of  “iron  mixture,”  and  in 
about  one  minute  add  to  each  tumbler  about  20  c.c. 
water,  and  within  three  minutes  observe  the  shades  of 
colour.  The  number  of  drops  of  “  tannin  solution  ”  used 
in  the  tumbler  which  corresponds  in  shade  of  colour  to 
the  tumbler  containing  the  infusion  of  bark  indicates  the 
percentage  of  tannin  in  the  bark ,  i.e.,  if  it  is  the  one  in 
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which  seven  drops  were  placed  the  tannin  strength  of 
the  bark  is  seven  per  cent. 

It  is  best  to  observe  the  shades  of  colour  horizontally 
rather  than  vertically,  and  to  hold  up  the  infusion 
tumbler,  with  the  one  which  most  nearly  corresponds, 
opposite  to  a  white  wall,  with  your  back  to  the  light. 

The  above  is  written  for  oak  bark,  but  the  same  process 
will  answer  for  any  substance  containing  less  than  10 
per  cent  of  tannin. 

The  results  are  necessarily  in  terms  for  commercial 
gallotannic  acid,  and  not  in  those  of  pure  tannin  or  of 
the  particular  tannin  in  the  material  assayed. 

For  substances  containing  between  about  10  and  20 
per  cent,  it  is  best  to  dilute  the  infusion  with  an  equal 
part  of  water  and  proceed  as  above,  using  five  drops  of 
the  dilute  infusion,  and  for  the  answer,  double  the  result. 
Thus,  if  the  diluted  infusion  of  tea  required  eight  drops 
tannin  solution  to  correspond,  call  the  percentage  sixteen. 

For  substances  containing  less  than  i,  or  ij  per  cent, 
exhaust  8  grrns.  instead  of  o'8  grm.,  and  take  one-tenth  of 
the  result  for  the  answer.  For  substances  containing 
more  than  20  per  cent,  as  galls,  sumach,  catechu,  See., 
you  may  dilute  the  infusion  with  two,  three,  or  more 
times  its  bulk  with  water,  and  calculate  as  above  (as  with 
tea)  or  you  may  use  1,  2,  3,  or  4  drops  of  the  undiluted 
infusion  in  the  first  glass  and  make  the  calculation  thus, 
i.e. : — As  the  number  of  drops  of  infusion  used  is  to  the 
number  of  drops  “  tannin  solution  ”  used  (to  correspond), 
so  is  5  to  the  answer — thus,  suppose  two  drops  infusion 
were  used  and  the  corresponding  tumbler  contained 
fifteen  drops  tannin  solution — 2  :  15  : :  5  ;  answer,  37’5  per 
cent. 

The  objedt  in  diluting  the  infusions  is  because  the 
infusion  glass  may  be  of  too  deep  a  blue  shade.  It  is 
better  that  it  should  just  produce  a  light  blue. 

The  tumblers  must  be  perfectly  clear  and  clean. 

The  “iron  mixture,”  “  tannin  solution,”  and  infusion 
must  be  freshly  prepared  and  not  exposed  to  the  rays  of 
the  sun. 

The  water  used  must  be  free  of  iron  and  tannin. 


THE  USE  OF  NITROSO-/8-NAPHTHOL  FOR  THE 
DETERMINATION  OF  IRON  AND  ITS 
SEPARATION  FROM  MANGANESE  AND 
ALUMINIUM. 

By  L.  L.  DE  KONINCK. 


MM.  Knorre  and  Ilinski  have  introduced  a  new  reagent, 
nitroso-/3-naphthoquinoxime.  This  reagent  produces,  in 
certain  conditions  easily  realised,  the  precipitation  of 
copper,  iron,  nickel,  and  cobalt  from  their  saline  solu¬ 
tions.  Meinecke  applies  it  in  the  following  manner  to 
the  determination  of  iron.  The  solution  free  from  nitrate, 
containing  the  iron  as  much  as  possible  in  the  state 
of  ferric  chloride  or  sulphate,  is  gradually  mixed  with 
ammonium  carbonate  until  there  is  produced  a  very 
slight  precipitate,  which  is  re-dissolved  by  one  drop  of 
hydrochloric  acid.  Into  the  liquid  thus  obtained  there  is 
poured,  drop  by  drop,  a  solution  of  nitrosonaphthol  in  an 
equal  weight  of  acetic  acid  at  50  p.  c.  The  quantity  of 
the  reagent  employed  ought  to  be  weighed,  so  as  to  have 
at  least  10  parts  to  1  part  of  iron.  The  precipitate  formed 
is  composed  of  ferric  naphtholate  mixed  with  the  ferrous 
salt  if  the  iron  is  not  exclusively  in  the  ferric  state, 
besides  the  excess  of  the  reagent,  which  is  sparingly 
soluble  in  the  aqueous  liquid.  The  ferrous  naphtholate 
is  more  difficult  to  wash  than  the  ferric  salt,  whence  it  is 
well  to  peroxidise  the  iron  by  bromine  by  means  of 
bromine  or  potassium  chlorate  before  proceeding  to  pre¬ 
cipitation.  It  is  known  that  the  precipitation  is  complete 
if  a  drop  of  the  liquid,  which  has  become  clear  on 
standing,  produces  a  reddish  brown  piecipitale  with  a 
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drop  of  a  cobaltous  solution.  It  is  best  to  operate  in  the 
cold  to  avoid  the  precipitation  of  a  basic  salt  of  aluminium, 
and  because  the  precipitate  obtained  in  heat  is  difficult 
to  wash.  It  must  be  washed  until  the  washings  leave  no 
fixed  residue  upon  a  slip  of  platinum  foil,  dried  until  the 
contents  can  be  extracted  without  tearing  the  filter.  It 
is  introduced  into  a  tared  porcelain  crucible  of  a  sufficient 
size,  folding  down  the  edges  of  the  filter.  The  crucible 
is  gradually  heated,  covered  with  its  lid,  upon  a  plate  of 
asbestos  until  little  detonations  are  no  longer  produced. 
The  temperature  is  raised  and  the  residue  is  ignited  un¬ 
covered.  The  product  is  ferric  oxide.  Von  Knorre  advises 
not  to  operate  upon  more  than  o-3  grm.  The  precipitate 
is  not  always  free  from  foreign  matter.  Copper  (which 
is  often  present  in  spathic  ores  in  appreciable  quantities) 
and  cobalt  are  carried  down,  and  the  phosphoric  acid  is 
precipitated  either  totally  or  in  part.  The  phosphorus  is 
found  entirely  in  the  precipitate  if  we  add  ammonium 
acetate  to  the  neutralised  ferric  solution  before  precipi¬ 
tating.  The  process  admits  of  the  separation  of  iron  and 
manganese,  the  ferric  precipitate  being  completely  free 
from  the  latter  metal.  But  the  manganic  precipitate  ob¬ 
tained  afterwards  by  bromine  or  ammonium  sulphide  is 
not  more  completely  free  from  impurities  than  if  it  had 
been  obtained  by  one  of  the  old  method.  It  may  contain 
small  quantities  of  silica,  nickel,  and  even  iron. 

Nitrosonaphthol  may  be  advantageously  used  for 
separating  iron  from  aluminium  and  for  determining  the 
latter.  According  to  Von  Knorre  the  separation  of  iron 
and  aluminium  is  made  by  pouring  an  acetic  solution  of 
naphthol  at  i-2oth  into  the  metallic  solution  containing 
a  notable  excess  of  acetic  acid.  Meinecke  operates  on  a 
solution  slightly  acid,  and  with  a  concentrated  solution 
of  the  reagent  as  indicated  above.  The  filtrate  from  the 
ferric  precipitate  is  evaporated  to  expel  the  excess  of 
acetic  acid,  and  thus  prevent  the  presence  of  ammonium 
salts  in  large  proportion.  The  alumina  is  then  precipi¬ 
tated  by  ammonia.  If  much  manganese  is  present  it  is 
better  to  separate  the  iron  and  the  manganese  from  other 
metals  by  an  ordinary  process,  and  to  use  naphthol  only 
for  the  respective  separation  of  iron  and  aluminium. 

The  presence  of  the  reagent  does  not  interfere  with  the 
determination  of  magnesium  and  calcium  by  means  of 
ammonium  phosphate  and  oxalate. — • Revue  des  Mines 
(vol.  ix.,  p.  243). 


RECENT  SYNTHETICAL  EXPERIMENTS  IN  THE 
SUGAR  SERIES.* 

(Concluded  from  p.  9). 

Synthesis  of  Mannose  and  Levulose.j 
When  mannose  is  oxidised  with  bromine-water  it  is 
converted  into  raannonic  acid.  A  thorough  examination 
of  the  properties  of  mannonic  acid  showed  that  it  has 
almost  identically  the  same  properties  as  arabinose- 
carbonic  acid.  The  latter  compound  was  discovered  by 
Kiliani,!  and  is  obtained  from  the  addition-produCt  which 
is  formed  by  the  union  of  hydrocyanic  acid  and  arabinose. 
The  laCtones  of  these  acids  are  so  similar  in  properties 
that  they  would  be  regarded  as  identical  were  it  not  for 
the  faCt  that  they  rotate  the  plane  of  polarised  light  in 
opposite  directions.  As  their  rotatory  power  is  very 
nearly  equal,  but  in  opposite  directions,  it  seemed  very 
probable  that  they  were  optical  isomers.  This  supposition 
proved  to  be  true,  for,  on  mixing  solutions  of  equal 
weights  of  the  two  laCtones,  an  optically  inactive  com¬ 
pound  of  the  same  composition  was  obtained.  This  in¬ 
active  laCtone  can  be  transformed  into  inactive  salts  and 
other  derivatives,  and  it  is  only  possible  by  certain  specia 

*  American  Chemical  Journal,  xii.,  257. 

\  Ber.  d.  Chem.  Ces.,  xxiii.,  370. 

{  Ibid.,  xix.,  3034. 


methods,  to  be  described  below,  to  again  resolve  it  into 
its  optically  aCtive  constituents.  The  three  laCtones  can 
by  reduction  be  converted  into  sugars,  and  these  in  turn 
into  three  hexacid  alcohols,  and  the  corresponding  mem¬ 
bers  of  these  three  series  of  reduCtion-produCts  bear  the 
same  relation  to  each  other  as  do  the  original  laCtones. 
Thus,  from  the  laCtone  of  mannonic  acid,  mannose  and 
ordinary  mannite  are  obtained,  while  from  the  laCtone  of 
arabinose-carbonic  acid  a  levo-mannose  and  a  levo- 
mannite  are  obtained;  and  finally,  reduction  of  the  in¬ 
active  laCtone  gives  two  corresponding  inactive  derivatives. 
The  relation  of  these  compounds  is  shown  by  Table  I. 

To  avoid  confusion,  the  compounds  of  the  three  series 
are  designated  by  prefixing  the  letters  d,  i,  and  l  to  their 
names  according  to  the  rotatory  power  of  the  sugar  of 
the  series.  The  letter  d  or  l  before  the  name  of  a  com¬ 
pound  does  not  necessarily  imply  that  the  compound  is 
either  dextro-  or  levo-rotatory,  but  merely  that  it  is  a 
derivative  of  a  dextro-  or  levo-rotatory  sugar.  Thus,  the 
two  phenylhydrazine  derivatives  of  ^-mannose  are  levo- 
rotatory. 

In  a  recent  paper*  the  preparation  and  properties  of 
the  new  sugars  /-mannose  and  /  mannose  and  their 
derivatives  are  described.  Both  of  them,  like  d-  mannose, 
are  stereometric  isomers  of  dextrose.  /-Mannose  can 
only  be  fermented  with  great  difficulty,  and,  like  d- 
mannose  it  is  characterised  by  the  insolubility  of  its 
hydrazone.  Z-Phenylglucosazone  is  the  optical  isomer  of 
ordinary  or  rf-phenylglucosazone,  and  /-mannite  of  or¬ 
dinary  5-mannite. 

That  /-mannonic  acid  is  really  the  optically  inactive 
modification  of  d-  and  /-mannonic  acid  was  shown  by 
splitting  it  up  into  its  two  active  components.  Two 
methods  were  used  for  this  purpose;  the  first  one  con¬ 
sisted  in  subjecting  it  to  fermentation  with  Penicillium 
glaucum.  The  rZ-mannonic  acid  was  consumed  by  the 
ferment,  while  the  /-acid  remained  behind  and  was  iso¬ 
lated.  The  second  method  depended  upon  the  unequal 
solubility  of  the  strychnine  salts  of  the  two  acids  in  abso¬ 
lute  alcohol  ;  the  salt  of  the  r/mannonic  acid  being  much 
more  soluble  than  the  /  variety,  can  be  readily  separated 
from  the  latter.  A  separation  of  the  optically  aCtive  con¬ 
stituents  of  /-mannose  was  brought  about  by  fermentation 
with  yeast.  When  yeast  aCts  upon  /-mannose,  the  d- 
mannose  is  rapidly  consumed  and  the  /-mannose  remains 
behind. 

Perhaps  the  most  important  and  interesting  discovery! 
made  in  the  course  of  this  admirable  investigation  was 
the  observation  that  /-mannite  and  a-acrite  are  identical 
substances.  a-Acrite,  it  will  be  remembered,  is  the  hex- 
acid  alcohol  obtained  by  the  reduction  of  acrose,  the  new 
synthetical  sugar  which  had  been  built  up  from  glycerin, 
acrolein  bromide,  and  from  formic  aldehyd.  a-Acrite 
has  identically  the  same  properties  that  /-mannite  has, 
and,  like  the  latter  compound,  it  can  be  converted  into  i- 
mannose.  a  Acrosazone  also  is  identical  with  Z-phenyl- 
glucosazone.  As,  therefore,  acrose  and  /-mannose  give 
the  same  osazone  with  phenylhydrazine,  it  follows  that 
the  constitution  of  acrose  must  be  represented  by  one  of 
the  two  formulae  : — 

CH20H.CH0H.CH0H.CH0H.CH0H.CH0 

/-Mannose. 

and — 

ch2oh.choh.choh.choh.co.ch2oh. 

i-Levulose, 

If  acrose  has  the  constitution  represented  by  the  first 
one,  then  it  is  identical  with  /-mannose,  and,  like  the 
latter  substance,  it  ought  to  give  a  difficultly  soluble 
hydrazone  when  its  solution  is  treated  with  phenyl¬ 
hydrazine.  Acrose  was  therefore  prepared  by  direCt 
synthesis  from  acrolein  bromide,  and  its  solution  was 
tested  with  phenylhydrazine.  Under  no  circumstances 

*  Ber.  d.  Chem.  Ges.,  xxiii.,  373. 

I  Ibid.,  xxiii.,  3S3. 
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d-Series. 

(Z-Mannonic  acid  ladone 
(dextro-rotatory). 

(Z-Mannonic  acid. 

(Z-Mannose  (ordinary) 
(dextro-rotatory). 

(Z-Mannite 

(dextro-rotatory). 

cZ-Mannose  phenylhydrazone 
(levo-rotatory). 

(Z-Phenylglucosazone 

(levo-rotatory). 


Table  I, 
i-Series. 

Z-Mannonic  acid  ladone. 

Z-Mannonic  acid. 
i-  Mannose. 

Z-Mannite 

(a-acrite). 

Z-Mannose  phenylhydrazone 

Z-Phenylglucosazone 

(a-acrosazone). 


Z- Series. 

Z-Arabinose  carbonic  acid  ladone 
(levo-rotatory). 

Z-Arabinose-carbonic  acid. 

Z-Mannose 

(levo-rotatory). 

Z-Mannite 

(levo-rotatory). 

Z-Mannose  hydrazone 
(dextro-rotatory). 

Z-Phenylglucosazone 

(dextro-rotatory). 


Table  II. 

a-Acrose  (from  acrolein  bromide,  glycerin,  or  formic  aldehyd). 

\|f 

Z-Phenyl  glucosazone. 

I 

i-Glucosone. 

* 


Z-Levulose. 

Fermentation  with  yeast.  |  Redudion  with  sodium  amalgam. 


V 

Z-Levulose. 


v 


Z-Phenylglucosazone. 


V 

Z-Mannite  («-Acrite). 

\|/ 

Z-Mannose. 

\|/ 

Z-Mannonic  acid. 

Separation  with  strychnine  |  and  morphine. 

v 

Z-Mannonic  acid  (Arabinose-carbonic  acid). 

\I/ 

Z-Mannose. 

\|/ 

Z-Mannite. 


V 

(Z-Mannonic  acid. 


V 

(Z-Mannose. 


By  redudion.  With  phenylhydrazine. 


\V 


(Z-Mannite. 


V 

(Z-Phenylglucosazone. 
a  Glucosone. 


v 

(Z-Levulose 

(ordinary). 


could  the  formation  of  an  insoluble  hydrazone  be  ob¬ 
served.  This  result,  therefore,  leads  to  the  conclusion 
that  acrose  is  Z-levulose,  and  its  constitution  must  be 
represented  by  the  second  formula.  The  synthetical 
sugar  obtained  from  a-acrosazone  was  also  examined  in 
the  same  way,  and,  as  was  to  be  expeded,  it  also  proved 
to  be  Z-levulose. 

Further  evidence  in  favour  of  the  view  that  acrose  is 


Z-levulose  was  obtained  by  observing  the  changes  which 
it  undergoes  upon  fermentation.  When  acrose  was 
mixed  with  yeast  it  was  found  that  one  of  the  optical 
components,  (Z-levulose,  was  consumed  much  more 
rapidly  than  the  other,  and  after  the  fermentation  had 
continued  for  some  time,  the  Z-levulose  was  recognised 
and  separated  from  the  solution  by  means  of  its  osazone. 
So  also  the  a-acrite,  like  Z-mannite,  was  converted  into 
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/-mannose  and  /-mannonic  acid.  Butthe  latter  compound 
can  be  separated  into  its  optically  adtive  constituents, 
and  these  in  turn  can  be  transformed,  on  the  one  hand, 
into  /-mannose  and  Z-mannite,  and  on  the  other  hand 
into  ordinary  mannose  and  mannite,  and  into  levulose. 
Thus  the  complete  synthesis  of  levulose  and  of  the  three 
series  of  mannite  derivatives  has  been  effected.  The 
successive  steps  in  the  synthesis  are  indicated  in 
Table  II. 

Synthesis  of  Dextrose. 

As  has  been  shown  above,  rf-mannose  and  dextrose 
have  the  same  constitution  and  must  be  regarded  as 
stereometric  isomers.  Both  sugars  give  the  same  osazone 
when  treated  with  phenylhydrazine.  It  follows,  therefore, 
that  the  difference  between  them  is  due  to  the  asymmetry 
of  the  carbon  atom  as,  in  the  formula : — 

CH0.CH0H,CH0H.CH0H.CH0H.CH20H. 

asx 

Fischer  also  regarded  it  as  highly  probable  that  in  man" 
nose  the  carbon  atom  asj  was  optically  inadtive,  and  that 
it  plays  a  role  similar  to  that  of  the  two  carbon  atoms  in 
racemic  acid.  If  this  supposition  is  true,  then  mannonic 
acid  would  be  related  to  gluconic  acid  in  the  same  way 
that  racemic  acid  is  related  to  one  of  the  adtive  tartaric 
acids,  or  this  relationship  would  be  analogous  to  that  of 
racemic  acid  to  mesotartaric  acid.  In  his  last  paper* 
Fischer  shows  that  the  latter  is  the  true  relation.  Each 
of  these  acids  can  be  transformed  into  the  other.  When 
either  one  is  heated  with  quinoline  to  a  temperature  of 
140°,  a  mixture  of  the  two  acids  is  obtained.  This  trans¬ 
formation  is  analogous  to  that  which  has  been  obseived 
in  the  case  of  racemic  and  mesotartaric  acids.  When 
either  one  of  these  is  heated  with  water  to  a  tempera¬ 
ture  of  170° — 1800,  a  mixture  of  both  is  obtained. 

For  tbe  purpose  of  preparing  dextrose,  manr.onic  acid 
was  heated  with  quinoline,  and  from  the  mixture  of  acids 
thus  obtained  the  gluconic  acid  was  separated  by  means 
of  its  brucine  salt.  The  brucine  salt  was  decomposed, 
and  the  gluconic  acid  was  found  to  be  identical  in  pro¬ 
perties  with  the  gluconic  acid  obtained  by  the  oxidation 
of  dextrose.  The  acid  was  thereupon  reduced  with 
sodium  amalgam,  and  from  the  liquid,  anhydrous  ciystal- 
line  dextrose,  identical  in  all  its  properties  with  ordinary 
dextrose,' was  obtained. 

The  synthesis  of  dextrose,  therefore,  is  achieved,  for, 
as  will  be  seen  in  the  table  printed  above,  rf-mannonic 
acid  has  been  prepared  from  acrose,  and  acrose  has  been 
made  from  formic  aldehyd. 


NOTES  ON  QUANTITATIVE  ANALYSIS,  f 
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(Continued  from  p,  5). 

B.— Analysis  of  Insoluble  Silicates,  mainly 
Porphyries,  &c.J 

A  quantity  sufficient  for  eight  different  assays  is  crushed) 
powdered,  and  sifted  through  fine  muslin.  Nu  pressure 
should  be  used  while  dusting,  but  the  muslin  which  covers 
a  j'ar  and  carries  the  powder  is  covered  by  a  piece  of 
chamois,  and  both  pieces  are  tied  around  the  neck  of  the 
dry  jar.  The  chamois  is  then  gently  tapped  with  the 
fingers. 

First  Portion. 

Si02;  Fe;  A1 ;  (Mn) ;  Ca  ;  Mg. 

The  powder  is  mixed  in  a  platinum  crucible  with  eight 
times  its  weight  of  absolutely  dry  powdered  sodium  car¬ 

*  Bcr.  d.  Chem.  Ges.,  xxiii ,  799. 

+  F rom  the  Journal  0/  the  American  Chemical  Society,  vol.,  xii., 
No.  5 

1  This  process,  with  few  changes,  was  commonly  used  in  Bunsen’s 
laboratoiy.— L.  H.  F. 


bonate.  The  crucible  is  covered  and  then  heated  with 
the  blast  lamp.  At  the  beginning  of  this  operation  the 
sleeve  at  the  mouth  of  the  blowpipe  is  drawn  so  far  for¬ 
ward  that  an  agitated  blue  flame  results.  The  effedt  is, 
that  the  entire  crucible  (cover  and  all)  became  at  once 
red  hot,  thus  avoiding  any  decrepitation  inside.  After  a 
time  the  sleeve  is  pushed  back,  allowing  the  ordinary 
flame  to  play.  This  is  continued  for  about  fifteen 
minutes,  until  the  mass  flows  without  bubbles.  Then 
the  crucible  is  suddenly  cooled  by  turning  off  the  gas  and 
blowing  the  cold  air  from  the  bellows  against  it.  The 
cake  will  subsequently  fall  out  easily,  without  the  neces¬ 
sity  of  pressing  or  distorting  the  crucible.  If  the  fused 
mass  looks  merely  greenish,  this  indicates  only  traces  of 
sodium  manganate,  but  if  more  intense  colouration  is 
visible  the  presence  of  manganese  must  be  taken  into 
account  in  the  course  of  the  analysis.  The  cake  is  put 
into  a  separate  beaker  containing  a  little  water,  the 
crucible  and  cover  are  put  into  another  beaker.  Both 
beakers  receive  a  gradual  addition  of  HC1  and  are  gently 
heated.  After  all  is  dissolved,  except  gelatinous  Si02, 
the  heating  is  continued  until  no  more  C02  (is  present. 
The  combined  liquids  from  the  two  beakers  are  then 
transferred  to  a  platinum  dish  and  evaporated  to  dryness 
on  the  water-bath.  The  lumps  of  gelatinous  Si02  must 
be  frequently  crushed  so  that  they  cannot  enclose  soluble 
silicic  acid.  The  residue  is  moistened  with  a  few  drops 
of  cone.  HC1,  then  diluted  with  water,  and  filtered  with 
the  pump.  The  filter  with  Si02  is  (after  complete  wash¬ 
ing)  put  while  moist  into  a  platinum  crucible,  heated,  and 
weighed  until  the  weight  is  constant.  The  silicic  acid  is 
then  treated  with  HF  (free  from  all  residue),  and  a  few 
drops  of  H2S04  upon  the  water-bath,  until  all  volatile 
matter  is  driven  off ;  the  residual  H3S04  is  expelled  over 
a  free  flame  ;  the  residue,  if  any,  is  heated  to  redness  and 
weighed.  The  treatment  with  HF  and  H2S04  may  be 
repeated  if  necessary.  In  case  the  residue  should  be  con¬ 
siderable  it  must  be  quantitatively  tested  for  Al,  Fe,  Ca, 
and  Mg,  otherwise  a  qualitative  test  is  sufficient. 

The  filtrate  from  the  Si02  determination  is  heated  and 
oxidised  by  a  few  drops  of  HN03,  after  which  Fe  and  Al 
are  precipitated  with  a  very  slight  excess  of  NH4OH,  and 
the  unavoidable  excess  of  this  latter  is  boiled  off 
immediately.  Care  should  be  taken  not  to  expose  this 
liquid  too  long  to  the  air.  It  would  attract  C02  and  pre¬ 
cipitate  Ca.  If  an  interruption  is  unavoidable,  the 
beaker  must  be  placed  upon  a  dish  containing  a  layer  of 
NH4OH  and  a  larger  beaker  must  be  inverted  over  the 
smaller  one,  its  edge  immersed  in  the  layer.  The  pre¬ 
cipitate  consists  of  Fe203  and  A1203,  with  small  traces  of 
Si02,  Ca,  and  Mg. 

This  precipitate  may  be  treated  in  two  different  ways, 
according  as  it  is  smaller  or  larger,  especially  as  regards 
the  quantity  of  iron  present. 

x.  For  Small  Quantities  of  Iron. — The  precipitate  is 
heated  and  weighed,  then  fluxed  with  potassium  bi¬ 
sulphate  in  a  closed  crucible  at  low  temperature,  so  as  just 
to  make  the  mass  flow,  cooled,  dissolved  in  water;  the 
iron  is  reduced  with  zinc  and  the  solution  titrated  with 
permanganate.  In  case  HC1  was  used  to  dissolve  the 
reduced  iron,  H2S04  is  added  before  titration,  in  excess, 
because  the  sulphate  solution  is  lighter  in  colour  than 
the  chloride,  and  also  because  strong  dilution  is  desirable. 

2.  The  Precipitate  is  abundant,  and  much  Iron  is 
present. — Dissolve  in  HC1  and  digest  for  half  an  hour  in 
a  platinum  dish  with  an  excess  of  KOH  upon  the  water- 
bath.  The  details  of  manipulation  are  as  follows  : — The 
precipitate  being  washed  thoroughly,  is,  for  the  greatest 
part,  brought  into  the  platinum  dish  by  means  of  a 
platinum  spatula.  The  remaining  portions  on  the  filter 
are  dissolved  in  a  hot  mixture  of  equal  parts  of  cone.  HC1 
and  H20  by  means  of  a  pipette.  The  solution  is  allowed 
to  run  into  the  main  precipitate  in  the  platinum  dish. 
The  filter  is  washed  with  water  ;  this  filtrate  running  into  a 
beaker.  The  mass  in  the  platinum  dish  is  then  cautiously 
treated  with  KOH  solution,  a  few  pieces  of  solid  KOH 
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are  added,  digestion  for  half  an  hour  upon  the  water-bath 
follows,  and  the  mass  is  then  diluted  with  the  wash 
filtrate  which  was  collected  separately  in  the  beaker  and 
filtered  through  the  aforesaid  filter.  This  filtrate  contains 
the  A1203.  Acidulate  with  HC1,  so  that  solution  just 
takes  place  after  the  first  precipitation,  and  precipitate 
with  freshly  prepared  ammonium  sulphide.  This  latter  is 
used  in  preference  to  ammonium  hydrate,  because  A1203 
is  less  soluble  in  the  former;  the  (NH4)2S  must  be  freshly 
prepared  in  order  to  avoid  polythionic  salts,  as  well  as 
ammonia  resulting  from  decomposition  by  age. 

The  previously  mentioned  precipitate  containing  Fe203 
(and  traces  of  CaO,  MgO,  and  Si02)  is  heated  and 
weighed.  Of  course,  the  crucible  during  this  heating 
must  remain  open,  in  order  to  avoid  reduction  by  gases 
from  the  flame.  Dissolve  in  cone.  HC1,  filter  from  Si02, 
re-precipitate  iron  with  NH4OH,  and  add  the  filtrate  to 
the  liquid  containing  these  substances.  Si02  and  Fe203 
are  to  be  treated  as  described  before,  and  weighed  sepa¬ 
rately. 

Should  the  remaining  filtrate  now  be  too  abundant  it 
must  be  concentrated  after  acidulation  with  HC1.  A  little 
NH4OH  is  added  to  precipitate  remaining  Al203,  and,  if 
this  is  still  present,  the  ammonia  is  driven  off  and  the 
precipitate  filtered,  added  to  the  first  precipitate,  heated, 
and  weighed  as  A1203. 

The  combined  filtrates,  concentrated  as  above,  contain 
Mn,  Ca,  and  Mg  for  determination.  If  enough  Mn  were 
present  this  must  first  be  precipitated  by  means  of  am¬ 
monium  sulphide.  Wash  with  water  containing  some 
(NH4)2S,  re-dissolve  in  HC1,  boil  the  solution  to  separate 
sulphur,  and  filter.  Concentrate  the  filtrate,  precipitate 
with  Na2C03,  boil  in  order  to  destroy  manganese  car¬ 
bonate  which  might  have  formed,  wash  with  boiling 
water,  heat,  and  weigh  as  Mn304. 

Before  precipitating  Ca,  the  filtrate  must  be  acidulated 
with  HC1,  thus  separating  sulphur,  and  then  filtered. 
Render  slightly  alkaline  with  NH4OH  and  add  ammonium 
oxalate,  boiling.  Filter  after  twelve  hours.  Put  the 
moist  well-washed  filter,  with  precipitate,  into  a  platinum 
crucible,  heat  strongly  for  fifteen  minutes  before  the  blast 
lamp,  and  weigh  as  CaO.  This  weight  must  be  controlled. 
Re-dissolve  the  CaO  in  HC1,  re-precipitate  as  above,  and 
add  the  filtrate  to  the  liquid  containing  Mg.  Heat  the 
CaO  to  constancy  before  the  blast-lamp.  Test  it  with  the 
spectroscope  for  Ba  and  Sr. 

Before  precipitating  Mg  {particularly  if  this  is  present 
in  small  quantity  only)  drive  off  the  ammonium  salt  as 
thoroughly  as  possible.  Dissolve  in  a  little  HC1  until  the 
liquid  is  slightly  acid,  add  sodium  phosphate,  them  am¬ 
monium  hydrate  until  a  turbidity  sets  in,  then  a  quantity 
of  ammonium  hydrate  equal  to  one-third  of  the  volume  of 
the  liquid  :  filter  after  four  hours  and  wash  with  a  mix¬ 
ture  of  one  part  of  NH4OH  and  three  parts  of  water. 
Formerly,  a  period  of  twenty -four  hours  was  deemed 
necessary  for  this  precipitation,  but,  generally,  four  hours 
are  fully  sufficient.  The  precipitate  is  washed  until  no 
more  chlorine  is  present.  Now,  either  dry  the  filter  with 
precipitate  and  incinerate  separately,  or,  better,  especially 
if  the  the  pump  was  used  for  washing,  bring  the  moist 
precipitate  and  filter  into  a  platinum  crucible.  Heat 
gently  at  first,  finally  before  the  blast  lamp  energetically. 
Should  the  pyrophosphate  prove  to  contain  a  little 
carbon,  moisten  with  a  few  drops  of  HN03,  evaporate 
cautiously  to  dryness,  and  heat  again,  as  above. 

If  the  spetftroscopic  research  proved  the  presence  of 
sufficient  Ba  and  Sr,  the  CaO  precipitate  has  to  be  further 
treated.  Transfer  from  the  platinum  crucible  into  a  small 
thin  well  tempered  flask  of  5  to  10  c.c.  capacity.  Wash 
the  residue  from  the  crucible  with  HN03  into  the  flask, 
and  add  more  HN03  to  this  latter,  until  all  Ca  is  trans¬ 
formed  into  nitrate.  The  solution  may  be  turbid  from 
filter  ash  or  from  Ba  or  Sr  salts.  Evaporate  over  a  small 
direCt  flame  to  dryness,  blow  out  the  residual  FIN03 
vapour  by  means  of  a  glass  pipe,  and  add  not  more 
alcohol  than  is  necessary  to  obtain,  on  heating,  a  syrupy 
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solution  of  calcium  nitrate.  Allow  to  stand  for  twenty- 
four  hours,  filter  from  barium  and  strontium  nitrate,  wash 
with  absolute  alcohol.  If  a  sufficient  quantity  now  re¬ 
mains  upon  the  filter,  dissolve  this  in  hot  water  and  allow 
the  solution  to  run  into  a  weighed  platinum  crucible. 
Evaporate  to  dryness  and  heat  before  the  blast  to  con¬ 
stant  weight  (BaO  and  SrO).  Now  dissolve  in  cone.  HC1, 
evaporate  in  the  same  little  flask  as  previously  used  to 
dryness,  separate  SrCl2,  soluble  in  absolute  alcohol  by 
means  of  this.  Precipitate  BaCl2  as  sulphate,  and  weigh.  Sr 
is  found  by  difference.  In  case  no  weighable  amount  of 
BaCl2  should  have  remained  after  the  SrCl2  was  dissolved 
in  absolute  alcohol,  allow  the  syrup  of  SrCl2  to  be  taken 
up  by  a  strip  of  filter-paper,  wind  around  this  a  thin 
platinum  wire,  incinerate  in  an  open  flame,  heat  until  the 
sodium  flame  has  disappeared,  and  then  use  the  spectro¬ 
scope,  dipping  the  platinum  wire  frequently  into  HC1. 
Mere  traces  of  Ba  will  only  become  visible  after  almost 
perfect  evaporation  of  SrCl2. 

Second  Portion. 

Determination  of  the  Alkalies. 

The  powder  is  put  into  a  platinum  crucible,  moistened 
with  a  few  drops  of  cone.  H2S04  and  then  digested  three 
or  four  times  with  cone.  HF  upon  the  water-bath.  This 
done,  the  small  crucible  is  put  upright  inside  of  and  near 
the  bottom  of  a  large  platinum  crucible  lying  horizontally. 
A  small  flame  is  applied  underneath  the  side  nearest  the 
mouth  of  the  large  crucible  and  the  burner  is  gradually 
pushed  towards  the  middle  and  near  the  end.  The 
H2S04  and  hydrofluosilicic  acid  are  thus  expelled.  This 
expulsion  must  be  performed  thoroughly,  so  that  after¬ 
wards  no  glass  vessel  may  be  attacked  by  remaining  HF. 
The  small  platinum  crucible  is  not  allowed  to  become 
red  hot  in  order  that  alkalies  may  not  be  lost.  Should 
the  mineral  not  have  been  fully  decomposed,  the  resulting 
mass  must  again  be  treated  with  HF  on  the  water-bath 
and  afterwards  heated,  as  described.  Now,  while  the 
large  crucible  is  put  vertically  and  the  small  one  inserted 
into  the  same,  enough  cone.  HC1  is  added  to  dissolve  all 
CaS04,  and  the  large  crucible  containing  the  small  one 
standing  within  is  heated  upon  the  water-bath.  Generally 
it  is  found  that  a  residue  is  left.  The  liquid  must  then 
be  decanted  and  the  residue  treated  as  before.  After 
perfect  solution  the  contents  of  the  small  crucible  are 
emptied  into  the  large  one,  washing  carefully.  Then 
BaCl2  and  (without  filtering)  NH4OH  and  (NH4)2C03  are 
added  and  the  precipitate  is  filtered  and  washed  and  the 
united  filtrates  are  evaporated  to  dryness.  The  ammonia 
salts  are  expelled  by  very  cautious  heating,  so  that  no 
decrepitation  may  take  place.  The  residue  is  dissolved  in 
water,  NH4OH  and  (NH4)2C03  are  again  added,  filtra- 
tion,  evaporation,  and  expulsion  of  ammonia  salts  is 
repeated  again  and  again,  until  no  further  precipitate  is 
formed  by  addition  of  these  reagents.  It  is  advisable  to 
use  for  every  new  filtration  a  smaller  platinum  dish,  so  as 
not  to  get  too  much  filtrate.  The  final  solution  must  be 
absolutely  free  from  ammonium  salts. 

A  small  quantity  of  pure,  red  HgO  is  added  in  order  to 
transform  MgCl2  into  MgO  while  HgO  is  transformed 
into  volatile  HgCl2.  The  platinum  dish  is  covered  with 
a  watch-glass  and  digested  (so  that  the  mass  is  just  kept 
moist)  for  two  hours.  An  excess  of  water  has  to  be 
avoided,  or  else  the  reaCttion  does  not  take.  After  this 
dry  for  I  to  2  hours  on  the  water-bath,  and  finally  drive 
oft  the  HgCI2  by  heating,  but  not  to  redness.  Dissolve 
in  a  minimum  of  water,  filter  into  a  weighed  platinum 
crucible,  add  a  drop  of  HC1,  evaporate  to  dryness,  heat 
so  as  to  keep  the  mass  just  in  a  fused  state  in  the  co'jered 
crucible,  and  then  weigh.  In  order  to  obtain  thus  the  sum 
of  the  alkaline  chlorides,  this  heating  and  weighing  has 
to  be  repeated  to  constancy.  After  the  first  weighings  a 
new  addition  of  HC1  is  advisable,  since  (owing  to  organic 
substances  from  the  filter)  carbonates  may  have  formed  in 
heating. 
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Now  dissolve  in  a  few  drops  of  water  and  add  an  excess 
of  platinic  cloride.  (The  preparation  of  c.  p.  platinic 
chloride  will  be  given  at  the  end  of  this  chapter).  Care 
has  to  be  taken  that  all  NaCl  is  transformed  into  the 
double  salt ;  no  white  cubes  must  remain  visible  in  the 
precipitate,  since  these  would  be  insoluble  in  alcohol. 
Evaporate  to  dryness  on  the  water-bath  and  in  a  porcelain 
dish.  This  is  easily  understood.  In  the  first  place  the 
mixed  chlorides  of  alkalies  are  generally  dissolved  and 
filtered  after  weighing,  since  an  unavoidable  residue  of  Fe 
may  be  present,  which  must  be  considered;  secondly,  the 
platinic  chloride  must  not  be  evaporated  in  a  platinum 
dish,  as  it  would  dissolve  platinum  as  subchloride,  which 
is  insoluble  in  alcohol,  and  would  result  together  with 
potassium-platinic  chloride.  Allow  to  cool,  add  a  few 
drops  of  water  in  order  to  dissolve  the  sodium  double  salt, 
and  throw  on  a  filter  previously  washed  with  alcohol, 
dried  at  105°  C.  and  weighed.  Then  wash  the  potassium 
double  salt  first  with  a  mixture  of  1  part  alcohol  and  1 
part  water,  then  with  1  part  water  and  2  parts  alcohol, 
finally  with  absolute  alcohol  until  the  filtrate  runs  colour¬ 
less.  Then  wash  with  a  mixture  of  4  parts  alcohol  and  1 
part  ether.  The  filtrates  must  be  preserved  for  the  fol¬ 
lowing  reason :  In  case  the  determination  of  MgO  in  the 
filtrate  should  not  be  necessary,  but  that  the  precipitate 
of  K2PtCl<>  should  be  lost,  the  PtCl4  would  have  to  be 
reduced  to  metallic  platinum,  as  described  below,  in  order 
to  obtain  NaCl. 

The  precipitate  is  dried  at  105°  C.  and  weighed  to  con¬ 
stancy. 

The  filtrate  is  diluted  with  water,  heated  to  drive  off 
ether  and  alcohol,  and  then  put  into  a  little  flask  with 
doubly  perforated  stopper,  which  carries  two  rectangularly 
bent  tubes.  One  of  these  latter  nearly  reaches  the  surface 
of  the  liquid,  the  other  ends  in  the  neck  of  the  flask. 
This  second  one  is  connected  with  a  hydrogen  apparatus. 
The  flask  is  heated  gently,  and,  while  still  hot,  the  longer 
rectangular  tube  is  closed  outside  by  means  of  a  rubber  tube 
with  glass  rod.  The  hydrogen  apparatus  is  now  set  to  work, 
the  flask  cools,  and  the  hydrogen  absorbed  by  reduction  is 
thus  replaced  spontaneously.  The  liquid  becomes  colour¬ 
less  and  platinum  is  dendritically  separated,  generally 
floating  for  some  time  upon  the  liquid,  which  is  now 
filtered.  If  some  FeO  should  still  be  present,  a  drop  of 
HNO3  is  added  and  then  NH4OH.  The  precipitate,  if 
any,  is  filtered.  Then  MgO  is  determined  and  deducted  as 
MgCl2  from  the  above  found  sum  of  the  combined 
alkaline  chlorides. 

Preparation  of  C.  P.  Platinic  Chloride. 

The  platinic  chloride  used  in  the  above  determination 
is  prepared,  according  to  Bunsen,  in  the  following  manner, 
which  involves  the  separation  of  platinum  from  iridium, 
rhodium,  and  palladium  : — 

Dissolve  platinum  in  aqua  regia,  taking  4  pts.  HC1  and 
1  pt.  HNO3,  adding  this  latter  very  gradually  while  the 
flask  stands  on  the  water-bath.  After  complete  solution 
has  taken  place  evaporate,  also  on  the  water-bath,  to  a 
syrup,  add  water  and  evaporate  again  as  before,  repeating 
this  process  until  upon  renewed  addition  of  a  drop  of 
water  to  the  syrup  no  odoui  of  nitrous  acid  is  perceptible. 

Now  dissolve  in  water  and  filter  into  a  porcelain  dish. 
Add  sodium  hydrate  solution,  until  strongly  alkaline, 
while  the  liquid  is  kept  boiling,  and  continue  to  boil  after 
the  addition  for  a  few  seconds,  during  which  time  a  drop 
or  two  of  alcohol  are  added.  At  first  the  oxides  of  all 
the  metals  are  thus  formed,  but  after  a  while  the  excess 
of  NaOH  transforms  Ir,  Rh,  and  Pd  into  the  sesquioxides, 
while  platinum  remains  as  oxide.  Sodium  hypochlorite 
is  formed  at  the  same  time,  but  this  is  destroyed  by  the 
addition  of  a  little  alcohol. 

If  now  HC1  be  added  and  the  heating  continued  a 
yellow  precipitate  is  first  formed,  while  the  HC1  and  the 
excess  of  NaOH  have  just  neutralised  each  other.  Heating 
is  continued,  and  more  HC1  is  added  until  the  yellow  pre¬ 
cipitate  is  re-dissolved. 


Platinic  chloride  and  the  sesquichlorides  of  Ir,  Pd,  and 
Rh  are  formed. 

All  of  these  are  soluble,  but  only  the  platinic  chloride  is 
precipitated  by  potassium  chloride.  To  the  clear  filtrate 
is  added  a  hot  saturated  solution  of  KC1,  until  no  more 
precipitate  is  formed.  After  cooling,  the  canary  yellow 
precipitate  of  K2PtCl6  is  filtered,  washed  with  a  solution 
of  KC1,  saturated  in  the  cold,  dried  very  thoroughly,  and 
reduced  in  a  long,  absolutely  dry  Bohemian  glass  tube 
by  means  of  hydrogen  at  a  very  low  temperature.  The 
tube  is  put  in  an  ordinary  combustion  furnace  and  the 
flames  are  kept  very  low. 

After  all  of  the  double  salt  has  become  uniformly  black, 
the  mass  is  allowed  to  cool  in  the  hydrogen  current.  The 
contentsofthetube  are  then  transferred  to  a  porcelain  dish, 
boiled  with  water  and  decanted,  or  filtered  by  decantation. 
This  boiling  is  repeated  until  all  KC1  is  dissolved  and  the 
wash  water  does  not  show  the  chlorine  reaction.  The 
pure  platinum  obtained  is  now  dissolved  in  aqua  regia,  as 
described  above  for  the  impure  metal,  and  the  syrup  is 
treated  with  water  until  no  further  escape  of  nitrous  acid 
takes  place. 

Third  Portion. 

Hygroscopic  Water. — Heat  the  substance  (powdered  as 
described),  at  105°  C.  to  constant  weight.  Water  of 
Combination. —  Heat  the  material  for  15 — 20  minutes  to 
redness  in  a  Bohemian  bulb  tube  and  colledt  H20  in  a 
weighed  CaCl2  tube.  Allow  to  cool  in  a  current  of  cold 
dried  air.  In  case  the  silicate  should  contain  FeO,  the 
heating  has  to  be  performed  in  a  current  of  C02,  since  it 
is  desirable  to  weigh  the  bulb  tube  also  for  control. 

Fourth  Portion. 

Take  a  well  dried  Bohemian  glass  tube,  1  foot  long, 
closed  at  one  end,  and  put  into  it,  by  means  of  a  long 
weighing  tube,  about  1  grm.  of  substance.  With  the  aid 
of  a  long  capillary  funnel  tube  moisten  the  mass  uniformly 
with  some  drops  of  water.  Prepare  a  mixture  of  6  pts. 
cone.  H2S04  and  2  pts.  H20,  allow  it  to  cool,  and  pour  it 
1  through  the  same  funnel  tube  upon  the  substance,  until  it 
occupies  8  to  10  times  the  volume  of  the  latter.  Reduce 
the  diameter  of  the  tube  greatly  at  about  2  inches  from 
its  open  end  and  replace  the  air  above  the  liquid  with 
carbon  dioxide.  Seal  before  the  blast  lamp.  After  cool¬ 
ing,  shake  the  tube  vigorously  in  order  to  avoid  caking. 
Heat  the  sealed  tube  for  4  to  5  hours  in  a  thermostat  at 
200°  or  220°  C.  When  quite  cold  open  the  tube,  transfer 
its  contents,  without  filtering,  into  a  high  beaker,  wash 
rapidly,  and  titrate  with  permanganate  solution,  the  titre 
of  which  has  been  determined  immediately  before  use.  It 
is  evident  that  in  presence  of  organic  matter  in  the 
silicate  this  determination  cannot  be  performed. 

(To  be  continued). 


Pyridin  and  its  Relations  to  Quinoline,  Isoquino¬ 
line,  and  the  Alkaloids. — Alb.  Edinger. — The  author 
concludes  that  a  pyridin  of  Dewar’s  formula  might  exist, 
but  does  not  exist  in  a  free  state  and  uncontaminated 
with  an  isomer.— Journal  fi'ir  Praktische  Cliemie,  xli., 
Part  7. 

Behaviour  of  Silica  and  its  Compounds  in  Micro- 
cosmic  Salt. — J.  Hirschwald. —  Small  admixtures  of 
silica  cannot  be  determined  by  means  of  this  reagent,  as 
it  dissolves  in  not  inconsiderable  quantities  in  the  bead 
of  the  double  sal;.  In  many  cases  silicates  may  indeed 
be  detected  in  the  manner  in  question  (1)  by  the 
charadteristic  corrosive  perforations  of  the  sample  used 
in  the  form  of  a  splinter,  and  (2)  by  its  relative  insolu¬ 
bility  in  comparison  with  other  compounds.  It  has,  how¬ 
ever,  no  decisive  analytical  importance,  as  many  minerals 
free  from  silica  ( e.g .  wavellite,  monazite,  apatite,  diaspore, 
&c„  behave  in  the  same  manner  as  the  silicates. — Journ, 
fur  Praktische  Chemie,  xli.,  Part  7. 
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^CORRESPONDENCE. 


ELECTROLYTIC  ASSAY  OF  COPPER. 


To  the  Editor  of  the  Chemical  News. 
gIR) — In  assaying  copper  by  the  electrolytic  process  I 
frequently  find  the  deposited  copper  at  the  beginning  of 
the  ■process  to  he  of  a  dark  brown  colour,  and  when  this  is 
so  the  remainder  of  the  copper  comes  down  fluffy,  and  as 
I  have  no  time  to  investigate  the  matter  can  you  give  me 
an  explanation  as  to  what  the  deposit  consists  of,  and 
what  will  prevent  its  occurrence  ?  The  copper  is  always 
separated  by  HS2  before  precipitating  as  metal.— I  am, 
&c., 

Deposit. 


ESTIMATION  OF  ALUMINA  IN  IRON  AND 

STEEL. 


To  the  Editor  of  the  Chemical  News. 

Sir,— In  answer  to  Mr.  C.  H.  Ridsdale’s  letter  (Chemical 
News,  vol  lxii.,  p.  xi),  I  beg  to  state  that  my  method  for 
the  estimation  of  aluminium  in  iron  and  steel  published 
in  the  Chemical  News  (vol.  lxi.,  p.  313)  is,  in  reality,  a 
combination  of  other  methods,  carefully  thought  out  and 
put  together.  I  do  not,  therefore,  claim  originality  for  it ;  and, 
though  Mr.  Stead  may  have  had  his  method  in  print  first,  I 
must  say  that  the  method  has  been  worked  by  me  in  the 
estimation  of  aluminium  in  ferro-aluminium  alloys  for  a 
number  of  years,  and  have  used  the  same  method  for  the 
determination  of  aluminium  in  steel  for  the  past  seven 
months,  not  having  been  called  upon  before  to  execute  the 
same,  and  I  certainly  had  no  idea  that  Mr.  Stead  had  been 
working  on  the  same  lines,  as  his  method  did  not  come 
to  my  hand  until  the  receipt,  in  May,  of  the  second  part 
of  vol.  iv.  of  the  Journal  of  Analytical  Chemistry .  I  have 
since  then  tried  his  method,  and  have  found  that  it  takes 
nearly  double  the  time  of  execution,  this  being  a  con¬ 
sideration  ;  therefore  I  think  Mr.  Ridsdale  cannot  claim 
all  the  credit  of  priority  for  Mr.  Stead. — I  am,  &c., 

Charles  Phillips. 

Chemical  and  Metallurgical  Laboratories, 

8,  Market  Street,  Fitzalan  Square, 

Sheffield,  July  7,  1890. 


CHEMICAL  NOTICES  FROM  FOREIGN 
SOURCES. 


Note. — All  degrees  of  temperature  are  Centigrade  unless  otherwis 
expressed. 

Comptes  Rendus  Hebdomadaires  des  Seances,  de  ' Academie 
des  Sciences.  Vol.  cx.,  No.  25,  June  23,  1890. 

The  Reciprocal  Adtion  of  the  Alkaline  and  Mer¬ 
curous  Haloid  Salts. — A.  Ditte. — The  decomposition  of 
mercurous  chloride  by  sodium  chloride  into  soluble  mer¬ 
curial  salt  and  metallic  mercury  is  only  a  special  case  of 
a  general  aCtion  exerted  by  the  alkaline  haloid  salts  upon 
the  mercurous  haloid  salts,  and  which  is  effected  in  two 
different  manners,  the  adtion  being  in  some  cases  exo¬ 
thermic  and  in  others  endothermic. 

Certain  Lithium,  Glucinum,  Lead,  and  Uranium 
Phosphates. — L.  Ouvrard. — The  author  has  sought  to 
obtain  simple  and  double  phosphates  by  dissolving  the 
metallic  oxides  or  carbonates  in  melted  alkaline  phos¬ 
phates.  He  has  obtained  tribasic  lithium  phosphate,  and 
he  remarks  that  lithium  deviates  from  the  other  members 
of  the  alkaline  group  by  the  insolublility  of  its  phos¬ 
phate.  Glucinum  gives,  with  potassium  meta-pyro-  or 
orthophosphates  only  a  single  salt,  P05,2Be0,K0,  which 


fS_ 

forms,  with  sodium  metaphosphate,  a  double  salt,  agreeing 
in  composition  with  the  mineral  beryllonite.  With  lead 
the  author  obtains  a  produdt  similar  in  its  composition  to 
the  glucinum  salt,  and  forming  a  double  sodium  salt. 
Melting  potassium  metaphosphate  yields,  with  uranium 
sesquioxide,  a  pyrophosphate  in  which  uranyl  oxide  plays 
the  part  of  a  protoxide. 

Combinations  of  Double  Phosphorus  and  Iridium 
Chlorides  with  Arsenic  Chloride. — G.  Geisenheimer. 
— The  double  iridium  and  phosphorus  chloride  described 
in  the  Comptes  Rendus  (May  12,  1890)  dissolves  readily 
in  arsenic  chloride.  The  compound  dissolves  in  water 
with  liberation  of  hydrochloric  acid. 

Silver  Subfluoride. —  M.  Guntz. —  This  compound 
contains  9i-86  per  cent  of  silver  and  8‘i4  per  cent  of 
fluorine.  It  is  unalterable  in  dry  air,  and  is  only  slowly 
decomposed  in  moist  air. 

A  Contribution  to  the  Study  of  the  Ptomaines. — 
Oechsner  de  Koninck. — This  communication  relates  to 
the  ptomaine  CI0HI5N.  When  in  a  state  of  purity  it  is 
a  slightly  yellowish  viscid  liquid,  of  a  pleasant  odour, 
slightly  soluble  in  water,  very  soluble  in  ether,  absolute 
alcohol,  acetone,  and  in  the  light  ligroines.  Its  sp.  gr.  is 
about  =i‘i8,  and  it  boils  about  230°.  It  is  very  quickly 
oxidised  in  presence  of  atmospheric  oxygen,  turning  brown 
and  depositing  a  thick  resin,  soluble  in  acids.  It  does 
not  attract  carbon  dioxide  from  the  atmosphere.  The 
hydrochlorate,  Ci0Hi5N.HC1,  is  prepared  by  rapidly 
saturating  the  ptomaine  with  HC1  and  evaporating  in 
vacuo.  If  an  exceedingly  minute  quantity  of  air  is 
allowed  to  enter  under  the  bell  the  salt  instantly  takes  a 
rose  colour,  and  in  presence  of  a  larger  quantity  of  air  it 
turns  red  and  then  brown.  The  chloroplatinate  is  a  deep 
red  powder,  insoluble  in  cold  water,  very  soluble  in  hot 
water,  but  decomposed  in  boiling  water. 

Preparation  of  the  Yeasts  of  Wine. — A.  Rommier. 
— For  obtaining  the  wine-yeasts  the  author  uses  grapes, 
the  seeds  of  which  he  selects,  crushes,  and  introduces 
them  into  small  flasks.  Several  specimens  were  prepared 
in  order  to  have  at  least  one  exempt  from  baCteria  and 
mycoderms.  When  fermentation  has  set  in  the  flasks 
are  gently  agitated,  and  one  or  two  drops  of  the  liquid 
were  let  fall  into  other  flasks  containing  grape-juice 
rendered  clear  by  filtration  and  sterilised  by  heat.  On 
microscopic  examination  some  of  the  samples  were  at 
once  rejected.  At  last  only  the  yeast  was  left,  known  as 
Saccharomyces  ellipsoideus  • 


Revue  Universelle  des  Mines  et  de  la  Metallurgie. 

Series  3,  Vol.  ix.,  Nos.  2  and  3. 

The  Production  and  Decomposition  of  Carbonic 
Acid  in  Coke-Blast  Furnaces.— Felix  Brabant.— The 
author  considers  that  his  results  prove  the  possibility  of 
improving  the  working  of  many  furnaces,  notwithstanding 
the  persistence  of  a  loss  resulting  from  a  reduction  of  CO? 
to  CO. 

Studies  on  the  Processes  for  the  Analysis  of  Raw 
Materials  and  Finished  Frodudts  in  the  Metallurgy 
of  Iron. — C.  Meinecke. 

Determination  of  Phosphorus  by  Molybdenum. — 

The  question  is  raised  whether  the  presence  of  manganese 
interferes  with  the  precipitation  ?  The  author  answers  in 
the  negative,  and  suspects  that  the  results  of  M.  Tamm 
must  be  due  to  his  having  operated  upon  spiegel  and 
ferro  manganese  without  calcining  the  nitrates.  He  asks 
with  what  certainty  may  we  conclude  from  the  proportion 
of  phosphorus  directly  precipitable  by  molybdate  in  the 
nitric  solution  of  an  iron  as  to  the  total  phosphorus  present  ? 
He  admits  that  the  proportion  of  phosphorus  immediately 
precipitable  by  molybdate  after  the  solution  of  the  sample 
in  nitric  acid  is  liable  to  great  variation.  These  may  pro¬ 
bably  be  made  to  disappear  by  operating  always  under 
identical  conditions. 


Chemical  Notices  from  Foreign  Sources. 
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Chemical  Notices  from  Foreign  Sources. 


Oxidation  of  the  Solution  by  Chromic  Anhydride 
or  Permanganate. — The  author,  Mr.  Wood,  has  recom¬ 
mended  oxidation  by  chromic  acid  to  obtain  the  totality 
of  phosphorus  in  a  form  precipitable  by  molybdate  with¬ 
out  evaporating  down  the  nitric  solution  and  calcining 
the  residue.  The  author  recommends  the  use  of  a 
sufficiency’  of  nitric  acid  (avoiding  excess),  and  by  an 
addition  of  sulphuric  acid.  The  details  of  this  process, 
and  of  the  use  of  nitroso-)3-naphthol  for  the  determination 
of  iron  and  its  separation  from  manganese  and  aluminium, 
are  inserted  in  full.  (See  p.  19). 

Vol.  x.,  Nos.  1  and  2. 

Corrosions  of  Steam-Boilers  and  the  Incrustations 
in  Marine  Boilers. — The  author,  M.  Schwarz,  Inspedtor 
of  Steam-Boilers  in  Austria,  divides  the  corrosive  agents 
into  four  groups  : — (1)  Gases  held  in  solution  by  the  feed- 
water;  (2)  insoluble  matter ;  (3)  soluble  matter;  and  (4) 
volatile  acids.  The  gases  in  question  are  chiefly  oxygen 
and  carbonic  acids.  The  remedy  is  their  elimination  by 
a  previous  heating  to  70°,  or  by  rendering  the  water  alka¬ 
line  by  a  small  addition  of  soda.  The  insoluble  matters 
are  animal  and  vegetable  fats  employed  in  lubrication. 
Corrosion  may  be  prevented  by  the  use  of  sodium  car¬ 
bonate,  and  the  use  of  mineral  oils  in  lubrication  is  a 
certain  preservative.  The  soluble  injurious  matters  are 
either  such  whose  adtion  increases  with  temperature  and 
concentration,  and  comprise  sodium  chloride,  ammonium 
chloride  introduced  by  certain  anti-incrustat:on  nostrums, 
and  caustic  soda  in  the  Honigmann  boilers.  The  free 
acids  are  nitric  acid  in  the  waste  waters  of  zinc  works, 
organic  acids  in  the  waters  from  marshy  lands,  hydro¬ 
chloric  and  sulphuric  acid  from  the  waste  waters  of 
bleach  works,  and  sulphuric  acid  from  the  waters  of 
mines  and  quarries.  Corrosion  by  these  agents  is  pre¬ 
vented  by  means  of  soda.  Among  the  substances  whose 
corrosive  adtion  begins  at  a  higher  temperature  are  the 
brown  liquor  from  wood  in  the  chemical  preparation  of 
cellulose,  saccharine  liquors  in  sugar  works,  and  mag¬ 
nesium  chloride.  The  general  means  for  preventing  the 
damage  consists  in  the  addition  of  a  little  soda,  and 
sometimes  in  the  introdudlion  of  plates  of  zinc. 


Journal  fur  Praktische  Cliemie. 

New  Series,  Vol.  xli. ,  Nos.  4,  5,  and  6. 

Researches  from  the  Laboratory  of  A.  Weddige. — 
A  paper  on  alkyl-ortbo-phenylendiamines  and  its  deriva¬ 
tives.  Alkyl-ortho-phenylendiamines  in  an  acid  solution  j 
pass  into  alkylimido-benzols  by  the  adtion  of  sodium 
nitrite.  On  the  adtion  of  the  same  nitrite  upon  acetyl- 
orthophenyldiamine  hydrochlorates,  or  by  passing  nitrous 
gas  into  the  ethereal  solution,  there  is  no  produdtion  of 
nitrosoacetylalkylorthophenylendiamines.  Nitronitroso- 
alkylanilines  are  obtained  by  treating  orthonitroalkyl- 
anilines  with  nitrous  gas.  These  nitroso-compounds  in 
acid  solutions  are  not  converted  by  reducing  agents  into 
the  corresponding  hydrazines,  but  into  alkylortho- 
phenylendiamines.  In  alcoholic  solutions  they  can  be 
converted  into  orthoamidophenylalkylhydrazines  by  am¬ 
monium  sulphide.  Acetorthoamidophenylmethylhydra- 
zine  can  be  converted  into  a-phentriazine  by  appropriate 
treatment  with  phosphoric  anhydride.  On  treating 
orthoamidophenylalkylhydrazines  with  sodium  nitrite  in 
an  acid  solution  there  are  formed  a-alkylphentetrazines. 

A  New  Method  for  the  Preparation  of  Aromatic 
Mercaptans.  —  R.  Leuckhart. — Aniline  and  its  homo- 
logues  have  been  converted  into  phenylmercaptan  and 
the  homologous  aromatic  mercaptans.  Ortho-  and  para- 
amidophenol  were  transformed  into  monothiopyrocate- 
chin  and  nronothiohydrcquinone,  &c.  The  conversions 
were  in  general  obtained  most  smoothly  about  70°,  the 
diazo  -  compounds  obtained  at  lower  temperatures  are 
often  decomposed  explosively  on  a  rise  of  temperature. 


Chemical  News, 
July  n,;i8go. 

The  Adtion  of  Iodoform,  Methyleniodide,  and 
Iodine  upon  Sodium  Isobutylate. — A.  Gorboff  and  A. 
Kessler. — This  memoir  does  not  admit  of  useful  abstrac¬ 
tion. 

Monazite  from  the  Ural. — C.  W.  Blomstrand. — 
From  the  analyses  it  appears  that  we  cannot,  with  Pen- 
field,  allot  thoria  exclusively  to  silicic  acid,  since,  in  most 
cases,  the  cerium  and  yttrium  earths  do  not  suffice  to 
saturate  the  phosphoric  acid. 

Researches  from  the  Laboratory  of  Prof.  Saytzeff 
at  Kasan. — These  consist  of  a  paper  by  S.  Reformatzky 
on  the  first  oxide  of  the  quadrivalent  alcohols. 

Researches  from  the  Laboratory  of  the  University 
of  Freiburg. — These  include  memoirs  on  dichlor-a- 
naphthoquinone  dichloride,  by  Ad.  Claus,  and  on  the 
special  arrangement  of  the  atoms  in  nitrogenous  com¬ 
pounds,  by  C.  Willgerodt. 


MISCELLANEOUS 


The  Diseases  of  Crops. — Messrs.  George  Bell  and 
Sons  will  publish  in  a  few  days  an  odtavo  volume  entitled 
“  The  Diseases  of  Crops  and  their  Remedies,”  by  Dr. 
A.  B.  Griffiths,  F.R.S.E.  The  work  is  illustrated  with 
51  figures,  and  the  chemical  treatment  of  plant  diseases 
is  fully  discussed. 

The  Behaviour  of  Ammonium  Formiate  upon 
Ketones. — R.  Leuckart. — It  results  from  these  researches 
that  ammonium  formiate,  in  its  behaviour  with  acetone, 
ads  like  free  ammonia,  and  has,  at  the  same  time,  a 
reducing  effedt.  That  the  course  of  the  transformation  is 
here  quite  different  from  that  in  the  simple  aldehyds  and 
ketones  of  the  aromatic  series  depends  on  the  peculiar 
nature  of  the  ketones  of  the  aliphatic  series. — Journal 
fur  Praktiiche  Chemie,  xli.,  Part  7. 


TO  CORRESPONDENTS. 


T.  Smythe. — The  annual  subscription  to  the  Chemical  Society  is 
£2  2S.,  with  £2  2s.  entrance  fee.  A  letter  to  the  Secretary  of  the 
Society,  Burlington  House,  London,  W.,  will  get  you  all  necessary 
information. 


PATENTS,  DESIGNS,  &  TRADE  MARKS  ACT,  1883. 


VTOTICE  IS  HEREBY  GIVEN  that  the 

■k  ’  Badische  Anilin  and  Soda  Fabrik,  of  Ludwigshafen-on- 
Rhine,  in  the  Empire  of  Germany,  have  applied  for  leave  to  amend 
the  Specification  of  Letters  Patent  No.  15,259  of  1888,  granted  to 
James  Yate  Johnson  for  “  The  manufadture  of  the  sulpho-acids  of  a 
red  basic  naphthaline  dye-stuff.” 

Particulars  of  the  proposed  amendment  were  set  forth  in  the  Illus¬ 
trated  Official  Journal  (Patents)  issued  011  the  2nd  July,  1890. 

Any  person  may  give  notice  (on  Form  G)  at  the  Patent  Office,  25, 
Southampton  Buildings,  London,  W.C.,  of  opposition  to  the  amend¬ 
ment  within  one  month  from  the  date  of  the  said  Journal. 

(Signed) 

H.  READER  LACK, 

Comptroller- General. 

J.  H.  JOHNSON  and  CO., 

47,  Lincoln’s  Inn  Fields,  London,  W.C., 

Agents  for  the  Badische  Anilin  and 
Soda  FabriK. 

PATENTS,  DESIGNS,  &JTRADE  MARKS  ACT,  1883. 
KTOTICE  IS  HEREBY  GIVEN  that 

’  Henry  Harington  Leigh,  of  22,  Southampton  Buildings, 
London,  W.C.,  has  app'ie..  for  leave  to  amend  the  Specification  filed 
in  pursuance  of  the  application  for  Letters  Patent  No.  1300  of  1890, 
for  “  Improvements  in  the  manufadture  of  anhydrous  barium  oxides.” 

Particulars  of  the  proposed  amendment  were  set  forth  in  the  Illus¬ 
trated  Official  J ournal  (Patents)  issued  on  the  2nd  July,  1890. 

Any  person  may  give  notice  (on  Form  G)  at  the  Patent  Officers, 
Southampton  Buildings,  London,  W.C.,  of  opposition  to  the  amend¬ 
ment  within  one  month  from  the  date  of  the  said  Journal. 

(Signed) 

H.  READER  LACK, 

I  Comptroller-General. 
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Examination  of  Oils}  Pats ,  and  Allied  Substances • 
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EXAMINATION  OF  OILS,  FATS,  AND  ALLIED 
SUBSTANCES. 

By  THOMAS  T.  P.  BRUCE  WARREN. 

The  substances  alluded  to  in  this  paper  may  be  divided 
into  three  distindt  classes  according  to  their  behaviour 
with  sulphur  chloride.  The  solid  magma  which  some  of 
them  yield  with  this  reagent  may  be  either  totally  soluble 
in  carbon  disulphide  or  only  partially  soluble,  whilst  others 
simply  aft  as  solvents,  and  apparently  undergo  no  change. 
This  reaction  enables  us  to  separate  one  class  of  these 
substances  from  the  other  two. 

Assuming  that  we  have  taken  every  precaution  to  ob¬ 
tain  a  representative  sample  as  regards  purity,  age,  and 
condition  of  the  substance  operated  on,  we  have  the  ad¬ 
vantage  of  securing  a  produdt  which  can  easily  be  kept 
for  reference  or  comparison,  a  matter  of  no  small  im¬ 
portance  when  we  consider  how  liable  most  oils  are  to 
change  in  a  short  time. 

Many  of  the  oils  referred  to  have  been  prepared  by 
myself  where  the  sources  were  available,  or  from  manu¬ 
facturers  of  repute  in  cases  where  I  have  had  to  depend 
on  others  for  the  integrity  of  a  sample. 

Oils  and  fats  obtained  from  animal  sources,  fish  oils, 
and  the  concrete  vegetable  oils  do  not  yield  insoluble 
prrodudts,  but  are  easily  separated  from  the  fluid  vege¬ 
table  oils,  when  a  mixture  of  them  is  adted  on  by  sulphur 
chloride.  Oils  obtained  from  pine  resins  behave  in  a 
similar  way.  The  fluid  vegetable  oils,  when  deprived  of 
a  portion  of  their  glycerin,  behave  in  the  same  way,  as 
regards  their  altered  portion. 

Hence,  if  a  rapid  stream  of  oxygen  or  ozonised  oxygen 
(by  preference)  be  passed  through  a  mixture  of  these  oils, 
the  more  easily  oxidised  oil  can  be  separated  from  those 
not  so  readily  adted  on.  The  fatty  acids  of  these  oils  do 
not  form  insoluble  compounds,  and  are  recognised  by 
yielding  dark  coloured  produdts. 

Olive  oil  adulterated  with  cotton-seed  oil  and  lard  oil 
can  easily  be  recognised  by  this  treatment.  Lard  oil  can 
be  washed  out  by  carbon  disulphide  from  the  solid 
magma;  another  portion  well  oxidised  will,  by  the  same 
solvent,  give  up  both  the  lard  oil  and  the  fatty  acids  of 
the  cotton-seed  oil.  The  insoluble  magma  will  be  very 
dark,  owing  to  the  difficulty  of  entirely  removing  the 
oxidised  oil.  Treatment  with  a  moderately  strong  alka¬ 
line  solution  will  more  effectually  remove  it.  I  have 
frequently  met  with  a  mixture  of  these  oils  having  an 
iodine  absorption  closely  approaching  that  of  pure  olive 
oil. 

When  pure  olive  oil  is  adted  upon  for  some  time  with 
ozonised  oxygen  the  colour  of  the  insoluble  produdt, 
reveals  the  fadt  that  little  or  no  absorption  has  taken 
place,  pure  olive  oil  is  probably  the  most  stable  of  all  the 
vegetable  oils,  hence  its  non-suitability  as  a  “  drying  oil.” 

Diying  oils  or  the  more  easily  oxidised  oils,  such  as 
poppy  oils,  seed  oil,  walnut  oil,  linseed  oil,  rape,  and 
cotton-seed  oils  are  readily  recognised.  When  either  of 
these  oils  or  a  mixture  containing  either  of  them  is 
ozonised,  a  reduced  factor  for  iodine  absorption  is  at 
once  apparent ;  the  extent  or  rapidity  of  oxidation  is 
measured  by  the  rate  of  diminution  of  iodine  absorption. 

A  so-called  “cold  drawn  oil”  has  a  higher  iodine 
absorption  than  when  heat  is  used,  and  when  the  oil  has 
been  extracted  from  the  seeds  by  solvents  a  still  higher 
iodine  absorption  is  noticeable.  This  is  due  in  a  great 
measure  to  oxidation,  which  reduces  the  iodine  absorption 
in  proportion  to  the  extent  to  which  it  is  carried. 


From  a  consideration  of  this  fadt,  it  is  easy  to  conceive 
that  olive  oil  will  vary  according  to  the  condition  of  the 
olive  when  pressed.  In  the  plant  economy  the  assimila¬ 
tion  of  oxygen  in  the  ripening  of  the  fruit  would  lead  one 
to  say  that  a  reduced  iodine  absorption  should  follow. 
Experiment,  however,  does  not  confirm  this  assumption, 
which  will  be  referred  to  hereafter. 

Cotton-seed  oil,  as  such,  is  rarely  used  for  adultera¬ 
tions  ;  in  some  cases  the  olein  and  in  other  cases  the 
stearin,  both  more  or  less  impure,  are  used. 

Lard  oil,  which  is  used  as  a  lubricant,  contains,  very 
frequently,  a  large  proportion  of  cotton  oil  stearin, 
whereas  oleomargarin  contains  principally  cotton  oil 

olein.  _  . 

Machine  oils  containing  thickened  or  blown  oils  of 
cotton  seed  or  rape  seed,  so  as  to  obtain  an  increased 
viscosity,  are  easily  recognised.  The  viscosity  of  an  oil 
before  and  after  passing  oxygen  through  it  is  an  important 
indication  in  the  analysis  of  oils;  a  drying  oil  is  detedted 
by  an  alteration  in  the  iodine  absorption  and  increased 
viscosity. 

Iodine  Absorption  of  Oils,  &c.—  Anyone  who  has 
worked  on  this  subjedt  must  have  found  that  comparable 
results  involve  most  scrupulous  care  in  every  detail  con¬ 
nected  with  its  application. 

Hubl’s  Reagent.—  When  a  great  number  of  samples 
have  to  be  exai. lined  a  litre  of  this  reagent  may  be  made, 
but,  as  it  rapidly  alters  it  should  not  be  kept  longer  than  a 
week  or  so.  When  only  a  few  samples  have  to  be  dealt 
with,  a  waste  from  deterioration  and  other  causes  can 
hardly  be  avoided  unless  the  samples  are  allowed  to 
accumulate,  which  is  undesirable,  even  if  delay  involves 
no  inconvenience. 

The  solutions  of  mercuric  chloride  and  iodine, 
separately,  will  keep  tolerably  well  for  some  time,  but,  if 
mixed  together,  continue  to  change  every  day.  This 
difficulty  is  met  by  making  the  alcoholic  solutions  of 
proper  strength  and  mixing  them  as  required  ;  in  this 
way  a  single  sample  of  oil  may  be  examined 
without  waste  or  extra  trouble.  When  little  or  nothing 
is  known  of  a  sample  the  test  should  be  made  in  duplicate 
to  guard  against  accident  in  the  final  titration  with 
sodium  thiosulphate.  A  blank  test  on  the  same  quantity 
of  Hubl  chloroform  employed  should  always  be  made, 
the  mixture  standing  for  the  same  time  and  in  the  same 
place  as  the  oil  under  test.  The  readtion  is  allowed  to 
go  on  in  a  dark  cupboard,  which  is  supplied  with  a 
registering  thermometer  so  as  to  record  the  changes  of 
temperature  during  the  time.  An  accurately  stoppered 
yellow  tinted  flask  is  used,  about  6  ozs.  capacity,  the 
flasks  and  stoppers  being  marked  so  as  to  avoid  being 
changed.  The  upper  part  of  the  neck  is  enlarged  so  as 
to  admit  of  being  luted  with  a  little  potassium  iodide 
solution,  to  catch  any  iodine  which  may  escape  between 
the  neck  and  stopper.  An  accuiatdy  fitting  glass  cap 
encloses  the  stopper  and  lute. 

When  the  readtion  is  allowed  to  go  on  for  four  or  six 
hours,  as  recommended,  an  awkward  difficulty  arises,  due 
partly  to  the  fadt  that  it  is  not  always  possible  to  attend 
to  the  final  titration  at  the  precise  time,  and  what  is  of 
more  importance,  an  hour’s  extra  digestion  will  make  a 
very  great  difference  in  the  result.  To  avoid  the  chance 
of  this  occurring,  the  readtion  is  allowed  to  go  on  for 
twenty  to  twenty-four  hours,  as  I  have  found  that  after 
eighteen  hours  no  appreciable  change  occurs,  a  matter  of 
importance  in  a  general  laboratory.  The  test  can  be  put 
on  and  finished  towards  the  end  of  each  day.*  Volatile 
liquids  are  weighed  in  a  stoppered  flask  or  measured  from 
an  accurate  pipette. 

It  is  generally  assumed  that  all  oils  have  the  same 
coefficient  of  expansion.  From  some  recent  experiments 
on  the  ccapaity  for  heat  of  different  oils  I  found  that  oils 


*  A  paper  recently  read  by  Messrs.  Thomson  and  Ballantyne 
before  the  Society  of  Chemical  Industry  on  the  “Revision  of  Oil 
Constants”  confirms  the  liability  of  absorption  to  alter  with  in¬ 
creased  digestion. 
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vary  considerably  in  their  expansions,  but  care  must  be 
taken  to  conduct  such  experiments,  so  as  to  avoid  ingress 
of  atmospherical  oxygen  or  loss  of  volatile  prodmfts. 

When  oils  are  sent  out  by  a  manufadturer  the  casks 
are  filled  nearly  to  the  bung  ;  if  a  slight  increase  of  tem¬ 
perature  takes  place  the  expansion  forces  the  oil  through 
any  weak  places  in  the  package  and  into  the  wood  itself; 
hence  a  serious  loss  must  fall  to  the  lot  of  the  buyer ; 
with  olive  or  sperm  oil  the  loss  is  more  serious,  as  these 
oils  become  more  fluid  and  do  not  dry  up. 


DETERMINATION  OF  PHOSPHORUS  IN  IRON. 


In  order  to  obtain  the  whole  of  the  phosphorus  in  a  state 
precipitable  by  molybdate  without  evaporating  down  the 
nitric  solution  and  igniting  the  residue,  Herr  Meinecke 
and  Mr.  Wood  recommend  oxidation  with  chromic  acid. 
They  dissolve  4’375  grms.  of  the  metal  in  a  covered  vessel 
in  40  to  50  c.c.  of  nitric  acid  at  sp.  gr.  1*3  (if  the  iron  is 
very  manganiferous  40  c.c.  are  sufficient).  When  the 
solution  is  completed  30  c.c.  of  dilute  sulphuric  acid  are 
added  (1  vol.  acid  to  1  vol.  water),  and  the  liquid  is 
evaporated  down  to  15 — 20  c.c.  From  2j  to  3  grms. 
chromic  acid  in  crystals  (not  more)  are  then  added,  and 
the  liquid  is  boiled  for  ten  minutes  to  complete  the  oxida¬ 
tion  of  the  carbon  compounds  and  of  the  phosphorous 
acid.  It  is  let  partly  cool  and  water  is  carefully  added. 
If  the  evaporation  has  been  carried  too  far,  manganese 
peroxide  may  separate  out  and  retain  phosphorus;  if  this 
happens  the  peroxide  must  be  reduced  by  the  addition  of 
oxygenated  water.  It  must  be  remembered  that  all 
samples  of  oxygenated  water  met  with  in  commerce 
contain  phosphoric  acid  in  small  quantities.  Hence  if 
much  of  this  reagent  has  to  be  used  account  must  be 
taken  of  this  impurity. 

The  solution  contains,  in  an  insoluble  state,  only  a  little 
graphite  and  silica;  it  is  made  up  to  250  c.c.,  filtered 
through  a  dry  filter,  and  10a  c.c.  are  taken  by  means  of 
.a  pipette.  The  acid  is  partially  neutralised  by  means  of 
ammonia,  heated  to  85° — go0,  and  50  to  100  c.c.  of  the 
molybdic  reagent  are  added.  It  is  convenient  to  precipi¬ 
tate  in  a  vessel  so  large  that  it  may  be  only  half  full.  In 
this  case,  by  leaning  the  beaker  after  the  precipitate  is 
settled  we  may  uncover  a  part  of  the  bottom.  If  we  then 
cautiously  bring backthe  beakerto  its  normal  position  that 
part  of  the  bottom  remains  free  from  deposit.  If,  after 
the  lapse  of  half  an  hour,  we  find  that  no  fresh  deposit  is 
formed,  we  know  that  the  precipitation  is  completed,  and 
we  then  draw  off  the  clear  supernatant  liquid  by  means  of 
a  small  syphon. 

The  precipitate  is  collected  on  a  filter  as  small  as  pos¬ 
sible,  washed  at  first  with  an  acid  solution  of  ammonium 
nitrate,  then  with  pure  water,  and  is  lastly  transformed 
into  molybdenum  phosphomolybdate,  P205Mo24068,  by  a 
moderate  ignition.  Each  grm.  of  the  produdt  corresponds 
to  one  per  cent  of  phosphorus. 

M.  von  Reiss  in  the  analysis  of  steels  uses  potassium 
permanganate  instead  of  chromic  acid  and  obtains  satis¬ 
factory  results. 

The  author  has  used  the  same  process,  slightly  modified, 
with  success  in  the  analysis  of  cast  metal  rich  in  carbon. 

He  dissolves  4'375  grms.  of  the  metal  in  40  c.c.  of  nitric 
acid.  If  the  sample  is  rich  in  manganese  there  is  ob¬ 
tained  on  the  addition  of  permanganate  an  immediate 
precipitate  of  peroxide.  The  results  are  always  satisfac¬ 
tory  on  operating  as  follows  To  the  nitric  solution  of 
the  metal  there  are  added  25  c.c.  of  nitric  acid  at  sp.  gr. 
14;  then  5  c.c.  permanganate  at  15  per  thousand  and 
the  liquid  is  boiled.  After  a  few  minutes  a  fresh  portion 
of  permanganate  is  added,  and  then  a  third  under  the 
same  conditions.  There  is  then  produced  a  manganic 
precipitate,  which  a  new  and  final  addition  of  perman¬ 
ganate  increases,  The  liquid  is  then  boiled  for  a  few 


minutes  longer,  cooled  quickly,  and  the  oxide  is  removed 
by  oxygenated  water  added  in  small  successive  propor¬ 
tions.  The  liquid  contains  all  the  phosphorus  in  the 
state  of  a  phosphate  precipitable  by  molybdate. — Revue 
des  Mines ,  ix.,  p.  239. 


THE  PHOTOGRAPHIC  IMAGE.* 

By  Professor  RAPHAEL  MELDOLA,  F.R.S. 

The  history  of  a  discovery  which  has  been  developed  to 
such  a  remarkable  degree  of  perfection  as  photography  has 
naturally  been  a  fruitful  source  of  discussion  among  those 
who  interest  themselves  in  tracing  the  progress  of  science. 
It  is  only  my  presence  in  this  leCture  theatre,  in  which 
the  first  public  discourse  on  photography  was  given  by 
Thomas  Wedgwood  at  the  beginning  of  the  century,  that 
justifies  my  treading  once  again  a  path  which  has  already 
been  so  thoroughly  well  beaten.  If  any  further  justifica¬ 
tion  for  trespassing  upon  the  ground  of  the  historian  is 
needed,  it  will  be  found  in  the  circumstance  that  in  the 
autumn  of  last  year  there  was  held  a  celebration  of  what 
was  generally  regarded  as  the  jubilee  of  the  discovery. 
This  celebration  was  considered  by  many  to  have  refer¬ 
ence  to  the  public  disclosure  of  the  Daguerreotype  process, 
made  through  the  mouth  of  Ara^o  to  the  French  Academy 
of  Sciences  on  August  10,  1839.  There  is  no  doubt  that 
the  introduction  of  this  process  marked  a  distinct  epoch 
in  the  history  of  the  art,  and  gave  a  great  impetus  to  its 
subsequent  development.  But,  while  giving  full  recogni¬ 
tion  to  the  value  of  the  discovery  of  Daguerre,  we  must 
not  allow  the  work  of  his  predecessors  and  contemporaries 
in  the  same  field  to  sink  into  oblivion.  After  the  lapse 
of  half  a  century  we  are  in  a  better  position  to  consider 
fairly  the  influence  of  the  work  of  different  investigators 
upon  modern  photographic  processes. 

I  have  not  the  least  desire  on  the  present  occasion  to 
raise  the  ghosts  of  dead  controversies.  In  faCt,  the 
history  of  the  discovery  of  photography  is  one  of  those 
subjects  which  can  be  dealt  with  in  various  ways,  according 
to  the  meaning  assigned  to  the  term.  There  is  ample 
scope  for  the  display  of  what  Mr.  Herbert  Spencer  calls 
the  “  bias  of  patriotism.”  If  the  word  “  photography  ”  be 
interpreted  literally  as  writing  or  inscribing  by  light, 
without  any  reference  to  the  subsequent  permanence  of 
the  inscription,  then  the  person  who  first  intentionally 
caused  a  design  to  be  imprinted  by  light  upon  a  photo¬ 
sensitive  compound  must  be  regarded  as  the  first  photo¬ 
grapher.  According  to  Dr.  Eder,  of  Vienna,  we  must 
place  this  experiment  to  the  credit  of  Johann  Heinrich 
Schulze,  the  son  of  a  German  tailor,  who  was  born  in  the 
Duchy  of  M  adgeburg,  in  Prussia,  in  1687,  and  who  died 
in  1744,  after  a  life  of  extraordinary  adtivity  as  a  linguist, 
theologian,  physician,  and  philosopher.  In  the  year  1727, 
when  experimenting  on  the  subjedt  of  phosphorescence, 
Schulze  observed  that  by  pouring  nitric  acid,  in  which 
some  silver  had  previously  been  dissolved,  on  to  chalk, the 
undissolved  earthy  residue  had  acquired  the  property  of 
darkening  on  exposure  to  light.  This  effedt  was 
shown  to  be  due  to  light,  and  not  to  heat.  By 
pasting  words  cut  out  in  paper  on  the  side  of  the  bottle 
containing  his  precipitate,  Schulze  obtained  copies  of  the 
letters  on  the  silvered  chalk.  The  German  philosopher 
certainly  produced  what  might  be  called  a  temporary 
photogram.  Whatever  value  is  attached  to  this  observa¬ 
tion  in  the  development  of  modern  photograph)',  it  must 
be  conceded  that  a  considerable  advance  was  made  by 
spreading  the  sensitive  compound  over  a  surface  instead 
of  using  it  in  mass.  It  is  hardly  necessary  to  remind  you 
here  that  such  an  advance  was  made  by  Wedgwood  and 


*  A  Lecture  delivered  at  the  Royal  Institution  of  Great  Britain, 
May  16,  1890. 
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Davy  in  1802.*  The  impressions  produced  by  these  last 
experimenters  were,  unfortunately,  of  no  more  permanence 
than  those  obtained  by  Schulze  three  quarters  of  a  century 
before  them. 

It  will,  perhaps,  be  safer  for  the  historian  of  this  art  to 
restrict  the  term  photograph  to  such  impressions  as  are 
possessedofpermanence:  Idonot,  ofcourse, mean  absolute 
permanence,  but  ordinary  durability  in  the  common-sense 
acceptation  of  the  term.  From  this  point  of  view,  the 
first  real  photographs,  i.e.,  permanent  impressions  of  the 
camera  pidure,  were  obtained  on  bitumen  films  by  Joseph 
Nicephore  Niepce,  of  Chalons-sur-Saone,  who,  after 
about  twenty  years’  work  at  the  subjed,  had  perfedted  his 
discovery  by  1826.  Then  came  the  days  of  silver  salts 
again,  when  Daguerre,  who  commenced  work  in  1824, 
entered  into  a  partnership  with  Niepce  in  1829,  which  was 
brought  to  a  termination  by  the  death  of  the  latter  in  1833. 
The  partnership  was  renewed  between  Daguerre  and 
Niepce  de  St.  Vidtor,  nephew  of  the  elder  Niepce.  The 
method  of  fixing  the  camera  pidture  on  a  film  of  silver 
iodide  on  a  silvered  copper  plate — the  process  justly  as¬ 
sociated  with  the  name  of  Daguerre,  was  ripe  for  dis¬ 
closure  by  1838,  and  was  adlually  made  known  in  1839. 

The  impartial  historian  of  photography  who  examines 
critically  into  the  evidence  will  find  that,  quite  indepen¬ 
dently  of  the  French  pioneers,  experiments  on  the  use  of 
silver  salts  had  been  going  on  in  this  country,  and  photo¬ 
graphs,  in  the  true  sense,  had  been  produced  almost 
simultaneously  with  the  announcement  of  the  Daguerreo¬ 
type  process,  by  two  Englishmen  whose  names  are  as 
household  words  in  the  ranks  of  science — I  refer  to 
William  Henry  Fox  Talbot  and  Sir  John  Herschel.  Fox 
Talbot  commenced  experimenting  with  silver  salts  on 
paper  in  1834,  and  the  following  year  he  succeeded  in 
imprinting  the  camera  pidture  on  paper  coated  with  the 
chloride.  In  January,  1839,  some  of  his  “  photogenic 
drawings  ” — the  first  “  silver  prints  ”  ever  obtained — were 
exhibited  in  this  Institution  by  Michael  Faraday.  In  the 
same  month  he  communicated  his  first  paper  on  a 
photographic  process  to  the  Koydl  Society,  and  in  the 
following  month  he  read  a  second  paper  before  the  same 
society,  giving  the  method  of  preparing  the  sensitive  paper 
and  of  fixing  the  prints.  The  outcome  of  this  work  was 
the  “  Calotype  ”  or  Talbotype  process,  which  was  suf¬ 
ficiently  perfedted  for  portraiture  by  1840,  and  which  was 
fully  described  in  a  paper  communicated  to  the  Royal 
Society  in  1841.  The  following  year  Fox  Talbot  received 
the  Rumford  Medal  for  his  “  discoveries  and  improvements 
in  photography. ”f 

Herschel’s  process  consisted  in  coating  a  glass  plate 
with  silver  chloride  by  subsidence.  The  details  of  the 
method,  from  Herschel’s  own  notes,  have  been  published 
by  his  son,  Prof.  Alexander  Herschel. |  By  this  means 
the  old  40-foot  telescope  at  Slough  was  photographed  in 
1839.  By  the  kindness  of  Prof.  Herschel,  and  with  the 
sandlion  of  the  Science  and  Art  Department,  Herschel’s 
original  photographs  have  been  sent  here  for  your  inspec¬ 
tion.  The  process  of  coating  a  plate  by  allowing  a  pre¬ 
cipitate  to  settle  on  it  in  a  uniform  film  is,  however, 
impradticable,  and  was  not  further  developed  by  its 
illustrious  discoverer.  We  must  credit  him,  however,  as 
being  the  first  to  use  glass  as  a  substratum.  Herschel 
further  discovered  the  important  fad  that  while  the 
chloride  was  very  insensitive  alone,  its  sensitiveness  was 
greatly  increased  by  washing  it  with  a  solution  of  silver 
nitrate.  It  is  to  Herschel,  also,  that  we  are  indebted  for 
the  use  of  sodium  thiosulphate  as  a  fixing  agent,  as  well 
as  for  many  other  discoveries  in  connedion  with  photo¬ 
graphy,  which  are  common  matters  of  history. 

*  •*  An  Account  of  a  Method  of  Copying  Paintings  upon  Glass,  and 
making  Profiles  by  the  Agency  of  Light  upon  Nitrate  of  Silver.  In¬ 
vented  by  T.  Wedgwood,  Esq.  With  Observations  by  H.  Davy.” 
Journ.  R.  I.,  1802,  p.  170. 

t  For  these  and  other  details  relating  to  Fox  Talbot’s  work,  neces¬ 
sarily  excluded  for  want  of  time,  I  am  indebted  to  his  son,  Mr.  C.  FI. 
Talbot,  0  f  Lacock  Abbey. 

t  Photog.  Journ.  and  Turns,  Photog.  Soc-,  June  15, 1872. 


Admitting  the  impradicability  of  the  method  of  subsid¬ 
ence  for  producing  a  sensitive  film,  it  is  interesting  to 
trace  the  subsequent  development  of  the  processes  in¬ 
augurated  about  the  year  1839.  The  first  of  photo¬ 
graphic  methods — the  bitumen  process  of  Niepce — 
survives  at  the  present  time,  and  is  the  basis  of  some  of 
the  most  important  of  modern  photo-mechanical  printing 
processes.  [Specimens  illustrating  photo-etching  from 
Messrs.  Waterlow  and  Sons  exhibited.]  The  Daguerreo¬ 
type  process  is  now  obsolete.  As  it  left  the  hands  of  its 
inventor  it  was  unsuited  for  portraiture,  on  account  of  the 
long  exposure  required.  It  is  evident,  moreover,  that  a 
pidure  on  an  opaque  metallic  plate  is  incapable  of  re- 
produdion  by  printing  through,  so  that  in  this  resped  the 
Talbotype  possessed  distind  advantages.  This  is  one  of 
the  most  important  points  in  Fox  Talbot’s  contributions 
to  photography.  He  was  the  first  to  produce  a  trans¬ 
parent  paper  negative  from  which  any  number  of  positives 
could  be  obtained  by  printing  through.  The  silver  print 
of  modern  times  is  the  lineal  descendant  of  the  Talbotype 
print.  After  forty  years’  use  of  glass  as  a  substratum,  we 
are  going  back  to  Fox  Talbot’s  plan,  and  using  thin 
flexible  films — not  exadly  of  paper,  but  of  an  allied  sub¬ 
stance,  celluloid.  [Specimens  of  Talbotypes,  lent  by  Mr. 
Crookes,  exhibited,  with  celluloid  negatives  by  the  East¬ 
man  Company.] 

If  I  interpret  this  fragment  of  history  corredly,  the 
founders  of  the  modern  photography  are  the  three  men 
whose  labours  have  been  briefly  sketched.  The  jubilee 
of  last  autumn  marked  a  culminating  point  in  the  work 
of  Niepce  and  Daguerre,  and  of  Fox  Talbot.  The  names 
of  these  three  pioneers  must  go  down  to  posterity  as 
co-equal  in  the  annals  of  scientific  discovery.  [Portraits 
by  Mr.  H.  M.  Elder  shown.]  The  ledure  theatre  of  the 
Royal  Institution  offers  such  tempting  opportunities  to 
the  chronicler  of  the  history  of  this  wonderful  art  that  I 
must  close  this  treatment  of  the  subjed  by  reminding 
myself  that  in  seleding  the  present  topic  I  had  in  view  a 
statement  of  the  case  of  modern  photography  from  its 
scientific  side  only.  There  is  hardly  any  invention 
associated  with  the  present  century  which  has  rendered 
more  splendid  services  in  every  department  of  science. 
The  physicist  andchemist,  the  astronomerand  geographer, 
the  physiologist,  pathologist,  and  anthropologist  will  all 
bear  witness  to  the  value  of  photography.  The  very  first 
scientific  application  of  Wedgwood’s  process  was  made 
here  by  the  illustrious  Thomas  Young,  when  he  impressed 
Newton’s  rings  on  paper  moistened  with  silver  nitrate,  as 
described  in  his  Bakerian  Ledure  to  the  Royal  Society 
on  November  24,  1803.  Prof.  Dewar  has  just  placed  in 
my  hands  the  identical  slide,  with  the  Newton  rings  still 
visible,  which  he  believes  Young  to  have  used  in  this 
classic  experiment.  [Shown.] 

Our  modern  photographic  processes  depend  upon 
chemical  changes  wrought  by  light  on  films  of  certain 
sensitive  compounds.  Bitumen,  under  this  influence, 
becomes  insoluble  in  hydrocarbon  oils,  as  in  the  helio¬ 
graphic  process  of  the  elder  Niepce.  Gelatin  mixed  with 
potassium  dichromate  becomes  insoluble  in  water  on 
exposure  to  light,  a  property  utilised  in  the  photo¬ 
etching  process  introduced  in  1852  by  Fox  Talbot, 
some  of  whose  original  etchings  have  been  placed  at  my 
disposal  by  Mr.  Crookes.  [Shown.]  Chromatised  gelatin 
now  plays  a  most  important  part  in  the  autotype  and 
many  photo-mechanical  processes.  The  salts  of  iron  in  the 
ferriccondition  undergo  redudion  to  the  ferrous  state  under 
the  influence  of  light  in  contad  with  oxidisable  organic 
compounds.  The  use  of  these  iron  salts  is  another  of  Sir 
John  Herschel’s  contributions  to  photography  (1842),  the 
modern  “  blue  print”  and  the  beautiful  platinotype  being 
dependent  on  the  photo-reducibility  of  these  compounds. 
[Cyanotype  print  developed  with  ferricyanide.] 

Of  all  the  substances  known  to  chemistry  at  the  present 
time,  the  salts  of  silver  are  by  far  the  most  important  in 
photographjq  on  account  of  the  extraordinary  degree  of 
sensitiveness  to  which  they  can  be  raised.  The  photo- 
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graphic  image,  with  which  it  is  my  privilege  to  deal  on 
this  occasion,  is  that  invisible  impression  produced  by  the 
adtion  of  light  on  a  film  of  a  silver  haloid.  Many  methods 
of  producing  such  films  have  been  in  practical  use  since 
the  foundation  of  the  art  in  1839.  All  these  depend  on 
the  double  decomposition  between  a  soluble  chloride, 
bromide,  or  iodide,  and  silver  nitrate,  resulting  in  the 
formation  of  the  silver  haloid  in  a  vehicle  of  some  kind, 
such  as  albumen  (Niepce  de  St.  Vidtor,  1848),  or  collodion 
on  glass,  as  made  practicable  by  Scott  Archer  in  1851. 
For  twenty  years  this  collodion  process  was  in  universal 
use;  its  history  and  details  of  manipulation,  its  develop¬ 
ment  into  a  dry  plate  process  by  Colonel  Russell  in  1861, 
and  into  an  emulsion  process  by  Bolton  and  Sayce  in 
1864,  are  fadts  familiar  to  every  one. 

The  photographic  film  of  the  present  time  is  a  gelatino- 
haloid  (generally  bromide)  emulsion.  If  a  solution  of 
silver  nitrate  is  added  to  a  solution  of  potassium  bromide 
and  the  mixture  well  shaken,  the  silver  bromide  coagulates, 
and  rapidly  subsides  to  the  bottom  of  the  liquid  as  a  dense 
curdy  precipitate.  [Shown.]  If  instead  of  water  we  use 
a  viscid  medium,  such  as  gelatin  solution,  the  bromide 
does  not  settle  down,  but  forms  an  emulsion,  which 
becomes  quite  homogeneous  on  agitation.  [Shown.] 
This  operation,  omitting  all  details  of  ripening,  washing, 
&c.,  as  well  known  to  pradtical  photographers,  is  the  basis 
of  all  the  recent  photographic  methods  of  obtaining 
negatives  in  a  camera.  The  use  of  this  invaluable  vehicle, 
gelatin,  was  pradtically  introduced  by  R.  L.  Maddox  in 
1871,  previous  experiments  in  the  same  dire&ion  having 
been  made  by  Gaudin  (1853-61).  Such  a  gelatino-bromide 
emulsion  can  be  spread  uniformly  over  any  substratum — 
glass,  paper,  gelatin,  or  celluloid — and  when  dry,  gives  a 
highly  sensitive  film. 

The  fundamental  problem  which  fifty  years’  experience 
with  silver  haloid  films  has  left  in  the  hands  of  chemists 
is  that  of  the  nature  of  the  chemical  change  which  occurs 
when  a  ray  of  light  falls  on  such  a  silver  salt.  Long 
before  the  days  of  photography — far  back  in  the  sixteenth 
century — Fabricius,  the  alchemist,  noticed  that  native 
horn  silver  became  coloured  when  brought  from  the  mine 
and  exposed.  The  fadt  presented  itself  to  Robert  Boyle 
in.  the  seventeenth  century,  and  to  Beccarius,  of  Turin, 
in  the  eighteenth  century.  The  change  of  colour  under¬ 
gone  by  the  chloride  was  first  shown  to  be  associated 
with  chemical  decomposition  in  1777,  by  Scheele,  who 
proved  that  chlorine  was  given  off  when  this  salt  darkened 
under  water.  I  can  show  you  this  in  a  form  which  admits 
of  its  being  seen  by  all.  [Potassium  iodide  and  starch 
paper  were  placed  in  a  glass  cell  with  silver  chloride,  and 
the  arrangement  exposed  to  the  eledtric  light  till  the 
paper  had  become  blue.]  The  gas  which  is  given  off 
under  these  circumstances  is  either  the  free  halogen  or  an 
oxide,  or  acid  of  the  halogen,  according  to  the  quantity 
of  moisture  present  and  the  intensity  of  the  light.  I  have 
found  that  the  bromide  affedts  the  iodide  and  starch  paper 
in  the  same  way,  but  silver  iodide  does  not  give  off  any 
gas  which  colours  the  test  paper.  All  the  silver  haloids 
become  coloured  on  exposure  to  light,  the  change  being 
most  marked  in  the  chloride,  less  in  the  bromide,  and 
least  of  all  in  the  iodide.  The  latter  must  be  associated 
with  some  halogen  absorbent  to  render  the  change  visible. 
[Strips  of  paper  coated  with  the  pure  haloids,  the  lower 
halves  brushed  over  with  silver  nitrate  solution,  were  ex¬ 
posed.]  The  different  degrees  of  colouration  in  the  three 
cases  must  not  be  considered  as  a  measure  of  the  relative 
sensitiveness  :  it  simply  means  that  the  produdts  of  photo¬ 
chemical  change  in  the  three  haloids  are  inherently 
possessed  of  different  depths  of  colour. 

From  the  fadt  that  halogen  in  some  form  is  given  off,  it 
follows  that  we  are  concerned  with  photo-chemical  de¬ 
composition,  and  not  with  a  physical  change  only.  All 
the  evidence  is  in  favour  of  this  view.  Halogen  ab¬ 
sorbents,  such  as  silver  nitrate  on  the  lower  halves  of  the 
papers  in  the  last  experiment,  organic  matter,  such  as  the 
gelatin  in  an  emulsion,  and  reducing  agents  generally,  all 


accelerate  the  change  of  colour.  Oxidising  and  halogen- 
ising  agents,  such  as  mercuric  chloride,  potassium  di¬ 
chromate,  &c.,  all  retard  the  colour  change.  [Silver 
chloride  paper,  painted  with  stripes  of  solutions  of  sodium 
sulphite,  mercuric  chloride,  and  potassium  dichromate, 
was  exposed.]  It  is  impossible  to  account  for  the  adlion 
of  these  chemical  agents  except  on  the  view  of  chemical 
decomposition.  The  ray  of  light  falling  upon  a  silver 
haloid  must  be  regarded  as  doing  chemical  work  ;  the 
vibratory  energy  is  partly  spent  in  doing  the  work  of 
chemical  separation,  and  the  light  passes  through  a  film 
of  such  haloid  partly  robbed  of  its  power  of  doing  similar 
work  upon  a  second  film.  It  is  difficult  to  demonstrate 
this  satisfactorily  in  the  ledture-room,  on  account  of  the 
opacity  of  the  silver  haloids,  but  the  work  of  Sir  John 
Herschel,  J.  W.  Draper,  and  others,  has  put  it  beyond 
doubt  that  there  is  a  relationship  of  this  kind  between 
absorption  and  decomposition.  It  is  well  known,  also, 
that  the  more  refrangible  rays  are  the  most  adtive  in  pro¬ 
moting  the  decomposition  in  the  case  of  the  silver  haloids. 
This  was  first  proved  for  the  chloride  by  Scheele,  and  is 
now  known  to  be  true  for  the  other  haloids.  It  would  be 
presumption  on  my  part,  in  the  presence  of  Captain 
Abney,  to  enlarge  upon  theeffedls  of  the  different  spedtral 
colours  on  these  haloids,  as  this  is  a  subjedt  upon  which 
he  can  speak  with  the  authority  of  an  investigator.  It 
only  remains  to  add  that  the  old  idea  of  a  special 
“  adtinic  ”  force  at  the  more  refrangible  end  of  the 
spedtrum  has  long  been  abandoned.  It  is  only  because 
the  silver  haloids  absorb  these  particular  rays  that  the 
blue  end  of  the  spedtrum  is  most  adtive  in  promoting  their 
decomposition.  Many  other  instances  of  photo-chemical 
decomposition  are  known  in  which  the  less  refrangible 
rays  are  the  most  adtive,  and  it  is  possible  to  modify  the 
silver  haloids  themselves,  so  as  to  make  them  sensitive 
for  the  red  end  of  the  spedtrum. 

The  chemical  nature  of  the  coloured  produdts  of 
photo-chemical  decomposition  is  still  enshrouded  in 
mystery.  Beyond  the  fadt  that  they  contain  less  halogen 
than  the  normal  salt,  we  are  not  much  in  advance  of  the 
knowledge  bequeathed  to  us  by  Scheele  in  the  last  cen¬ 
tury.  The  problem  has  been  attacked  by  chemists  again 
and  again,  but  its  solution  presents  extraordinary  diffi¬ 
culties.  These  produdts  are  never  formed — even  under 
the  most  favourable  conditions  of  division  and  with  pro¬ 
longed  periods  of  exposure — in  quantities  beyond  what 
the  chemists  would  call  “  a  mere  trace.”  Their  existence 
appears  to  be  determined  by  the  great  excess  of  unaltered 
haloid  with  which  they  are  combined.  Were  I  to  give 
free  rein  to  the  imagination,  I  might  set  up  the  hypo¬ 
thesis  that  the  element  silver  is  really  a  compound  body 
invariably  containing  a  minute  percentage  of  some  other 
element,  which  resembles  the  compound  which  we  now 
call  silver  in  all  its  chemical  readtions,  but  alone  is 
sensitive  to  light.  I  offer  this  suggestion  for  the  con¬ 
sideration  of  the  speculative  chemist.*  For  the  coloured 
produdt  as  a  whole,  i.e. ,  the  produdt  of  photo¬ 
decomposition  with  its  combined  unchanged  haloid,  Carey 
Lea  has  proposed  the  convenient  term  “  photo-salt.”  It 
will  avoid  circumlocution  if  we  adopt  this  name.  The 
photo  salts  have  been  thought  at  various  times  to  con¬ 
tain  metallic  silver,  allotropic  silver,  a  sub-haloid,  such 
as  argentous  chloride,  &c.,  or  an  oxyhaloid.  The  free 
metal  theory  is  disposed  of  by  the  fadt  that  silver  chloride 
darkens  under  nitric  acid  of  sufficient  strength  to  dissolve 
the  metal  freely.  The  acid  certainly  retards  the  formation 
of  the  photo-salt,  but  does  not  prevent  it  altogether. 


*  I  have  gone  so  far  as  to  test  this  idea  experimentally  in  a  pre¬ 
liminary  way,  the  result  being,  as  might  have  been  anticipated, 
negative.  Silver  chloride,  well  darkened  by  long  exposure,  was  ex- 
tiadted  with  a  hot  saturated  solution  of  potassium  chloride,  and  the 
dissolved  portion,  after  precipitation  by  water,  ‘compared  with  the 
ordinary  chloride  by  exposure  to  light.  Not  the  slightest  difference 
was  observable  either  in  the  rate  of  colouration  or  in  the  colours  of 
the  produdts.  Perhaps  it  may  be  thought  worth  while  to  repeat  the 
expeiiment,  using  a  method  analogous  to  the  “  meihod  of  fradtiona- 
tion  ”  of  Crookes. 
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When  once  formed  the  photo-chloride  is  but  slowly 
attacked  by  boiling  dilute  nitric  acid,  and  from  the  dry 
photo-salt  mercury  extracts  no  silver.  The  assumption 
of  the  existence  of  an  allotropic  form  of  silver  insoluble 
in  nitric  acid  cannot  be  seriously  maintained.  The  sub¬ 
haloid  theory  of  the  produdt  may  be  true,  but  it  has  not 
yet  been  established  with  that  precision  which  the 
chemist  has  a  right  to  demand.  We  must  have  analyses 
giving  not  only  the  percentage  of  halogen,  but  also  the 
percentage  of  silver,  in  order  that  it  may  be  ascertained 
whether  the  photo-salt  contains  anything  besides  metal 
and  halogen.  The  same  may  be  said  of  the  oxyhaloid 
theory:  it  may  be  true,  but  it  has  not  been  demonstrated. 

The  oxyhaloid  theory  was  first  suggested  by  Robert 
Hunt* *  for  the  chloride;  it  was  taken  up  by  Sahler,  and 
has  recently  been  revived  by  Dr.  W.  R.  Hodgkinson.  It 
has  been  thought  that  this  theory  is  disposed  of  by  the 
fadt  that  the  chloride  darkens  under  liquids,  such  as 
hydrocarbons,  which  are  free  from  oxygen.  I  have  been 
repeating  some  of  these  experiments  with  various  liquids, 
using  every  possible  precaution  to  exclude  oxygen  and 
moisture ;  dry  silver  chloride,  heated  to  incipient  fusion, 
has  been  sealed  up  in  tubes  of  dry  benzene,  petroleum, 
and  carbon  tetrachloride,  and  exposed  since  March. 
[Tubes  shown.]  In  all  cases  the  chloride  has  darkened. 
The  salt  darkens,  moreover,  in  a  Crookesian  vacuum.] 
By  these  experiments  the  oxychloride  theory  may  be 
scotched,  but  it  is  not  yet  killed ;  the  question  now 
presents  itself,  whether  the  composition  of  the  photo-salt 
may  not  vary  according  to  the  medium  in  which  it  is 
generated.  Analogy  sanctions  the  supposition  that  when 
the  haloid  darkens  underwater  or  other  oxygen-containing 
liquid,  or  even  in  contact  with  moist  or  dry  air,  that  an 
oxychloride  may  be  formed,  and  enter  into  the  compo¬ 
sition  of  the  photo-salt.  The  analogy  is  supplied  by  the 
corresponding  salt  of  copper,  viz.,  cuprous  chloride,  which 
darkens  rapidly  on  exposure.  [Design  printed  on  flat 
cell  filled  with  cuprous  chloride  by  exposure  to  eledtric 
light.]  Wohler  conjedtured  that  the  darkened  produdt 
was  an  oxychloride,  and  this  view  receives  a  certain 
amount  of  indiredt  support  from  these  tubes  [shown],  in 
which  dry  cuprous  chloride  has  been  sealed  up  in  benzene 
and  carbon  tetrachloride  since  March  ;  and  although  ex¬ 
posed  in  a  southern  window  during  the  whole  of  that 
time,  the  salt  is  as  white  as  when  first  prepared.  Some 
cuprous  chloride  sealed  up  in  water,  and  exposed  for  the 
same  time,  is  now  almost  black.  [Shown.] 

When  silver  is  precipitated  by  redudtion  in  a  finely 
divided  state  in  the  presence  of  the  haloid,  and  the  pro¬ 
dudt  treated  with  acids,  the  excess  of  silver  is  removed 
and  coloured  produdls  are  left  which  are  somewhat 
analogous  to  the  photo-salts  proper.  These  coloured 
haloids  are  also  termed,  by  Carey  Lea,  photo  salts, 
because  they  present  many  analogies  with  the  coloured 
produdls  of  photo-chemical  change.  Whether  they  are 
identical  in  composition  it  is  not  yet  possible  to  decide, 
as  we  have  no  complete  analyses.  The  first  observations' 
in  this  diredlion  were  published  more  than  thirty  years 
ago  in  a  report  by  a  British  Association  Committee,];  in  ' 

*  “  Researches  on  Light,”  2nd  Ed.,  1854,  p.  80. 

t  Some  dry  silver  chloride  vrhich  Mr.  Crookes  has  been  good 
enough  to  seal  up  for  me  in  a  high  vacuum,  darkens  on  exposure 
quite  as  rapidly  as  the  dry  salt  in  air.  It  soon  regains  its  original 
colour  when  kept  in  the  dark.  It  behaves,  in  fadt,  just  a*s  the  chloride 
is  known  to  behave  when  sealed  up  in  chlorine,  although  its  colour 
is  of  course  much  more  intense  after  exposure  than  is  the  case  with 
the  chloride  in  chlorine.  The  tube  in  which  the  chloride  had  been 
sealed  up  in  benzene  gave  off  a  considerable  quantity  of  hydrogen 
chloride  on  breaki-  g  the  point  in  June. 

}  These  results  were  arrived  at  in  three  ways.  In  one  case  hy¬ 
drogen  was  passed  through  silver  citrate  suspended  in  hot  water, 
and  the  produdt  extracted  with  citric  acid.  ‘‘The  result  of  treating 
the  residue  with  chlorhydric  acid,  and  then  dissolving  the  silver  by 
dilute  nitric  acid,  was  a  rose-tinted  chloride  of  silver.”  In  another 
experiment  the  dry  citrate  was  heated  in  a  stream  of  hydrogen  at 
212°  F.,  and  the  produdt,  which  was  partly  soluble  in  water,  gave  a 
brown  resicue,  which  furnished  “  a  very  pale  red  body  on  being 
transformed  by  chlorhydric  and  nitric  acids.”  In  another  experiment 
silver  arsenite  was  formed,  this  being  treated  with  caustic  soda,  and 
the  black  precipitate  then  treated  successively  with  chlorhydric  and 


which  the  red  and  chocolate-coloured  chlorides  are  dis¬ 
tinctly  described.  Carey  Lea  has  since  contributed 
largely  to  our  knowledge  of  these  coloured  haloids,  and 
has  at  least  made  it  appear  highly  probable  that  they  are 
related  to  the  products  formed  by  the  adtion  of  light. 
[Red  photo-chloride  and  purple  photo-bromide  and  iodide 
shown.] 

The  photographic  image  is  impressed  on  a  modern  film 
in  an  inappreciable  fraction  of  a  second,  whereas  the 
photo-salt  requires  an  appreciable  time  for  its  production. 
The  image  is  invisible  simply  because  of  the  extremely 
minute  quantity  of  haloid  decomposed.  In  the  present 
state  of  knowledge  it  cannot  be  asserted  that  the  material 
composing  this  image  is  identical  in  composition  with  the 
photo-salt ;  for  we  know  the  composition  of  neither  the 
one  nor  the  other.  But  they  are  analogous  in  so  far  as 
they  are  both  the  result  of  photo-chemical  decomposition, 
and  there  is  great  probability  that  they  are  closely  related, 
if  not  identical,  chemically.  It  may  turn  out  that  there 
are  various  kinds  of  invisible  images,  according  to  the 
vehicle  or  halogen  absorbent — in  other  words,  according 
to  the  sensitiser  with  which  the  silver  haloid  is  associated. 
The  invisible  image  is  revealed  by  the  adtion  of  the 
developer,  into  the  fundtion  of  which  I  do  not  propose  to 
enter.  It  will  suffice  to  say  that  the  final  result  of  the 
developing  solution  is  to  magnify  the  deposit  of  photo¬ 
salt  by  accumulating  metallic  silver  thereon  by  accretion 
or  redudtion.  Owing  to  the  circumstance  that  the  image 
is  impressed  with  such  remarkable  rapidity,  and  that  it  is 
invisible  when  formed,  it  has  been  maintained,  and  is 
still  held  by  many,  that  the  first  adtion  of  light  on  the  film 
is  molecular  or  physical,  and  not  chemical.  The  argu¬ 
ments  in  favour  of  the  chemical  theory  appear  to  me  to 
be  tolerably  conclusive,  and  I  will  venture  to  submit  a 
few  of  them. 

The  adtion  of  reagents  upon  the  photographic  film  is 
quite  similar  to  the  adtion  of  the  same  reagents  upon  the 
silver  haloids  when  exposed  to  the  point  of  visible  coloura¬ 
tion.  Reducing  agents  and  halogen  absorbents  increase 
the  sensitiveness  of  the  film  ;  oxidising  and  balogenising 
agents  destroy  its  sensitiveness.  It  is  difficult  to  see  on 
the  physical  theory  why  it  should  not  be  possible  to  im¬ 
press  an  image  on  a  film,  say,  of  pure  silver  bromide,  as 
readily  as  on  a  film  of  the  same  haloid  embedded  in 
gelatin.  Everyone  knows  that  this  cannot  be  done.  I 
have  myself  been  surprised  at  the  extreme  insensitiveness 
of  films  of  pure  bromide  prepared  by  exposing  films  of 
silver  deposited  on  glass  to  the  adtion  of  bromine  vapour. 
On  the  chemical  theory  we  know  that  gelatin  is  a  splendid 
sensitiser  —  i  e.,  bromine  absorbent.  There  is  another 
proof  which  has  been  in  our  hands  for  nearly  thirty  years, 
but  I  do  not  think  it  has  been  viewed  in  this  light  before. 
It  has  been  shown  by  Carey  Lee,  Eder,  and  especially  by 
Abney — who  has  investigated  the  matter  most  thoroughly 
—that  a  shearing  stress  applied  mechanically  to  a 
sensitive  film  leaves  an  impression  which  can  be 
developed  in  just  the  same  way  as  though  it  had  been 
produced  by  the  adtion  of  light.  [Pressure  marks  on 
Eastman  bromide  paper  developed  by  ferrous  oxalate.] 
Now  that  result  cannot  be  produced  on  a  surface  of  the 
pure  haloid,  some  halogen  absorbent,  such  as  gelatin, 
must  be  associated  with  the  haloid.  We  are  concerned 
here  with  a  chemical  change  of  that  class  so  ably  investi¬ 
gated  by  Prof.  Spring,  of  Liege,  who  has  shown  that  by 
mere  mechanical  pressure  it  is  possible  to  bring  about 
chemical  readtion  between  mixtures  of  finely-divided 
solids.*  Then,  again,  mild  reducing  agents,  too  feeble  to 

nitric  acids  :  “  Silver  is  dissolved,  and  there  is  left  a  substance  .  .  . 
[of]  a  rich  chocolate  or  maroon,  &c.”  This  on  analysis  was  found 
to  contain  24  per  cent  of  chlorine,  the  normal  chloride  requiring 
2474  and  the  sub-chloride  1408  percent.  The  committee  which 
conducted  these  experiments  consisted  cf  Messrs.  Maskelyne, 
Hadow,  Hardwich,  and  Llewelyn.  “  B.  A.  Rep  ,”  1859,  p.  103. 

*  The  connexion  between  the  two  phenomena  was  suggested 
during  a  course  of  ledtures  delivered  by  me  two  years  ago  (“  Chemis¬ 
try  of  Photography,”  p.  191)  I  have  since  learnt  that  the  same  con¬ 
clusion  had  been  arrived  at  independently  by  Mr.  C.  H.  Bothamley, 
of  the  Yorkshite  College,  Ceeds, 
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reduce  the  silver  haloids  diredtly  to  the  metallic  state, 
such  as  alkaline  hypophosphites,  glucose  or  ladtose,  and 
alkali,  &c.,  form  invisible  images  which  can  be  developed 
in  precisely  the  same  way  as  the  photographic  image.  All 
this  looks  like  chemical  change,  and  not  physical  modifi¬ 
cation  pure  and  simple. 

I  have  in  this  discourse  stoically  resisted  the  tempting 
opportunities  for  pi&orial  display  which  the  subjedt 
affords.  My  aim  has  been  to  summarise  the  position  in 
which  we  find  ourselves  with  respedt  to  the  invisible 
image  after  fifty  years’  pradtice  of  the  art.  This  image 
is,  I  venture  to  think,  the  property  of  the  chemist,  and  by 
him  must  the  scientific  foundation  of  photography  be  laid. 
We  may  not  be  able  to  give  the  formula  of  the  photo-salt, 
but  if  the  solution  of  the  problem  has  hitherto  eluded  our 
grasp  it  is  because  of  the  intrinsic  difficulties  of  the  in¬ 
vestigation.  The  photographic  image  brings  us  face  to 
face — not  with  an  ordinary,  but  with  an  extraordinary  class 
of  chemical  changes  due  entirely  to  the  peculiar  charadter 
of  the  silver  salts.  The  material  composing  the  image  is 
not  of  that  definite  nature  with  which  modern  chemical 
methods  are  in  the  habit  of  dealing.  The  stability  of  the 
photo-salt  is  determined  by  some  kind  of  combination  be¬ 
tween  the  sub  haloid  or  oxy-haloid,  or  whatever  it  may 
be,  and  the  excess  of  unaltered  haloid  which  enters  into 
its  composition.  The  formation  of  the  coloured  produdt 
presents  certain  analogies  with  the  formation  of  a  satura¬ 
ted  solution  ;  the  produdt  of  photo-chemical  decomposi¬ 
tion  is  formed  under  the  influence  of  light  up  to  a  certain 
percentage  of  the  whole  photo-salt,  beyond  which  it  can¬ 
not  be  increased — in  other  words,  the  silver  haloid  is 
saturated  by  a  very  minute  percentage  of  its  own  produdt 
of  photo-decomposition.  The  photo-salt  belongs  to  a 
domain  of  chemistry — a  no-man’s  land— peopled  by  so- 
called  “molecular  compounds,”  into  which  the  pure 
chemist  ventures  but  timidly.  But  these  compounds  are 
more  and  more  urging  their  claims  for  consideration,  and 
sooner  or  later  they  will  have  to  be  reckoned  with,  even 
if  they  lack  that  definiteness  which  the  modern  chemist 
regards  as  the  essential  criterion  of  chemical  individuality. 
The  investigation  may  lead  to  the  recognition  of  a  new 
order  of  chemical  attradtion,  or  of  the  old  chemical 
attradtion  in  a  different  degree.  The  chemist  who  dis¬ 
courses  here  upon  this  subjedt  at  the  end  of  the  half- 
ceniury  of  photography  into  which  we  have  now  entered, 
will  no  doubt  know  more  about  this  aspedt  of  chemical 
affinity;  and,  if  I  may  invoke  the  spirit  of  prophecy  in 
concluding,  I  should  say  that  a  study  of  the  photographic 
film  with  its  invisible  image  will  have  contributed 
materially  to  its  advancement. 
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(Concluded  from  p.  24). 


Fifth  Portion. 

For  the  determination  of  phosphoric  acid  fuse  with 
Na2C03  as  diredted  for  first  portion,  but  dissolve  in 
HNO3  instead  of  using  HC1.  Reduce  the  silicic  ac'd  to 
a  sandy  powder,  filter  and  acidulate  with  nitric  acid. 
Prepare  a  solution  of  ammonium  molybdate  in  the  follow¬ 
ing  manner  :  100  grms.  molybdic  acid  suspended  in  240 
grms.  distilled  water,  of  a  temperature  of  about  50°  C.  are 
mixed  with  160  grms.  of  NH4OH  of  sp.  gr.  o-gi.  If 
necessary,  filter  and  allow  this  solution  to  run  gradually 
into  1250  c.c.  HNO30fsp.gr.  120.  Shake  at  intervals 
and  allow  the  clear  solution  to  rest  for  five  or  six  days  in 
a  moderately  warm,  dark  place.  Decant  or  syphon,  if 
necessary,  from  yellow  precipitate,  and  add  H20  to  make 
2  litres.  Preserve  this  reagent  in  the  dark. 


*  From  the  Journal  of  the  American  Chemical  Society,  vol. 
No.  5. 
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In  case  the  amount  of  phosphoric  acid  in  the  sample 
does  not  amount  to  more  than  one  decigramme,  and 
provided  the  volume  of  the  liquid  to  be  tested  does  not 
exceed  150  c.c.,  add  an  excess  of  the  above  solution  of 
ammonium  molybdate  and  put  the  beaker  into  a  water- 
bath  containing  boiling  water.  Allow  the  beaker  to 
remain  for  ten  minutes  in  the  boiling  water  and  all  phos¬ 
phoric  acid  will  be  precipitated. 

If  the  mineral  is  richer  in  phosphoric  acid  it  must  be 
treated  with  an  excess  of  ammonium  molybdate  in  a  warm 
place  for  fully  twenty-four  hours. 

In  either  case  the  precipitate  is  filtered,  washed  at  first 
with  the  molybdate  solution  used  for  precipitation,  finally 
with  a  solution  of  one-third  that  strength,  obtained  by 
dilution  with  H20.  The  united  filtrates  are  allowed  to 
stand  for  a  while  in  order  to  see  if  an  additional  precipitate 
is  formed. 

The  yellow  precipitate  on  the  filter  is  quantitatively 
dissolved  in  NH4OH. 

Magnesium  mixture  is  now  prepared  in  the  following 
manner  : — Magnesium  chloride  is  dissolved  in  cone.  HC1 
in  the  proportion  of  5  grms.  MgCI2  to  30  c.c.  HC1. 
Dilute  with  water  and  supersaturate  with  strong  NH4OH. 
If  the  liquid  should  not  remain  clear,  but  precipitate 
magnesia,  enough  NH4C1  must  be  added  to  re-dissolve 
this. 

Of  a  solution  thus  prepared,  take  a  certain  volume  and 
divide  into  halves.  One  half  is  added  to  the  ammoniacal 
solution  of  phospho-ammonium  molybdate,  after  this  has 
been  nearly  neutralised  with  HC1.  Finally  add  strong 
NH4OH,  amounting  to  one-third  of  the  entire  volume  of 
the  liquid.  Allow  this  to  stand  three  to  four  hours. 

Fill  up  the  other  half  of  the  magnesium  mixture  taken, 
with  the  same  quantity  of  NH4OH  used  in  forming  the 
precipitate  just  described,  and  then  with  H20  to  obtain  the 
same  volume.  A  precipitate  of  magnesia  formed  here 
should  be  deducted  from  the  previously  described  one. 

The  filtration,  washing,  and  heating  until  magnesium 
pyrophosphate  is  obtained,  takes  place  according  to  the 
description  given,  I. 

Sixth  Portion. 

Fluorine  is  quite  frequently  found  in  silicates  contain¬ 
ing  phosphoric  acid.  To  determine  F  fuse  the  silicate, 
duly  piepared,  with  Na2C03  as  previously  described. 
Boil  the  cake  with  H20  and  a  little  NH4OH  in  order  to 
expel  C02,  thus  preventing  solution  of  either  Si02  or 
alumina.  Filter,  add  HC1  until  the  liquid  is  almost 
neutral.  (Avoid  acidity,  since  HF  might  escape.)  Digest 
for  some  time  with  NFI4C1  in  order  to  separate  all  Si02 
and  A1203,  filter  if  necessary,  add  CaCI2  solution,  and 
filter  the  precipitate  consisting  ofcalcium  fluoride,  calcium 
phosphate,  and  calcium  carbonate.  Heat  the  precipitate 
to  redness  in  a  porcelain  crucible.  Now,  after  cooling, 
add  acetic  acid  and  evaporate  the  mass  again  to  dryness. 
Continue  this  treatment  with  acetic  acid,  alternating  with 
washing  with  water  and  decanting,  until  the  weight  of  the 
residue  remains  constant.  In  this  manner  calcium 
acetate  and  phosphate  are  extracted  and  calcium  fluoride 
remains. 

Seventh  Portion. 

In  order  to  determine  titanic  acid,  the  mineral  is  fused 
with  potassium  bisulphate,  using  six  to  eight  times  the 
quantity  of  this  latter.  Dissolve  the  fused  mass  in  a 
little  cold  water,  dilute  strongly,  and  boil  slowly  in  a  round 
flask.  From  time  to  time  add  water,  since  titanic  acid  is 
only  precipitated  from  very  dilute  solutions.  In  order  to 
prevent  precipitate  of  Fe  add  either  sulphur  dioxide, 
sodium  hyposulphite,  or  H2S  to  the  liquid,  thus  reducing 
Fe203  or  avoiding  the  oxidation  of  FeO.  The  precipitate 
of  titanic  acid  is  heated  and  weighed.  If  not  quite 
colourless  repeat  the  operation. 

Eighth  Portion. 

For  the  determination  of  soluble  silicic  acid  treat  the 
mineral  in  a  platinum  crucible  with  cone.  KOH  solution 
upon  the  water-bath  for  one-quarter  to  one-half  hour. 
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Avoid  too  great  concentration  of  the  liquid,  as  the  silicic 
acid  dissolved  would  be  re-precipitated.  If  it  be  suspected 
that  the  mineral  decomposes,  heat  only  for  a  short  time. 
The  contents  of  the  crucible  are  transferred  to  a  beaker, 
diluted  strongly,  washed  by  decantation  with  boiling 
water  until  no  further  reaction  of  KOH  is  obtained.  The 
residue  is  heated  and  weighed  ;  the  operation  is  repeated 
until  the  weight  is  constant. 

If,  upon  decantation,  the  precipitate  should  not  settle 
or  should  run  turbid  through  the  filter,  a  slight  acidula- 
tion  of  the  wash  water  will  frequently  serve.  In  case  free 
quartz  was  present,  this  would  become  partly  soluble  on 
heating.  In  such  case  the  mineral  is  treated  several 
times  with  KOH  solution,  decanted  each  time  as  described, 
but  only  heated  and  weighed  once,  which  weight  must 
then  suffice. 


LONDON  WATER  SUPPLY. 

Report  on  the  Composition  and  Quality  of  Daily 
Samples  of  the  Water  Supplied  to  London 
for  the  Month  Ending  June  30TH,  i8go. 

By  WILLIAM  CROOKES,  F.R.S.; 

WILLIAM  ODLING,  M.B.,  F.R.S.,  F.R.C.P., 

Professor  of  Chemistry  at  the  University  of  Oxford  ; 

and  C.  MEYMOTT  TIDY,  M.B.,  F.C.S.,  Barrister-at-Law, 
Professor  of  Chemistry  and  of  Forensic  Medicine  at  the  London 
Hospital;  Medical  Officer  of  Health  for  Islington. 


To  General  A.  De  Courcy  Scott,  R.A., 

Water  Examiner ,  Metropolis  Water  Act,  1871. 

London,  July  5th,  1890. 

Sir, — We  submit  herewith  the  results  of  our  analyses 
of  the  175  samples  of  water  collected  by  us  during  the  past 
month,  at  the  several  places  and  on  the  several  days  indi¬ 
cated,  from  the  mains  of  the  seven  London  Water  Com¬ 
panies  taking  their  supply  from  the  Thames  and  Lea. 

In  Table  I.  we  have  recorded  the  analyses  in  detail  of 
samples,  one  taken  daily,  from  June  1st  to  June 
30th  inclusive.  The  purity  of  the  water,  in  respeCt  to 
organic  matter,  has  been  determined  by  the  Oxygen  and 
Combustion  processes;  and  the  results  of  our  analyses  by 
these  methods  are  stated  in  Columns  XIV.  to  XVIII. 

We  have  recorded  in  Table  II.  the  tint  of  the  several 
samples  of  water,  as  determined  by  the  colour-meter 
described  in  a  previous  report. 

In  Table  III.  we  have  recorded  the  oxygen  required  to 
oxidise  the  organic  matter  in  all  the  samples  submitted 
to  analysis. 

Of  the  175  samples  examined,  the  whole  were  found  to 
be  clear,  bright,  and  well  filtered. 

The  character  of  the  water  supply  to  the  Metropolis 
during  the  month  of  June  has  not  exhibited  any 
features  calling  for  special  remark.  As  usual,  the  pro¬ 
portion  of  organic  matter,  inconsiderable,  save  on  excep¬ 
tional  occasions,  even  at  its  highest,  is  somewhat  higher 
in  the  case  of  the  Thames-derived  water  than  in  the  case  of 
that  derived  wholly  or  in  large  part  from  the  Lea.  Taking 
the  water  furnished  by  the  Companies  deriving  their 
supply  from  the  Thames  for  comparison,  the  mean  pro¬ 
portion  of  organic  carbon  was  found  to  be  0-150  part  in 
100,000  parts  of  the  water,  with  a  maximum  of  o'i66  part 
in  any  single  sample  examined. 

During  the  past  six  months  of  the  year  we  have  ex¬ 
amined  a  total  of  1455  samples  of  the  Metropolitan  water 
supply.  Speaking  generally,  the  water  has  been 
characterised  to  a  more  than  usually  noticeable  degree, 
by  its  uniformity  of  composition  from  month  to  month. 
Thus,  taking  the  Thames-derived  samples  for  comparison, 
the  mean  proportion  of  organic  carbon  for  the  six  months’ 
period  was  found  to  be  0-150  part  in  ico,ooo  parts  of  the 
water,  or  identical  with  the  mean  proportion  for  the  pre¬ 
sent  month  ;  while  in  five  samples  only  was  the  proportion 
found  to  reach  or  exceed  0-170  part,  the  maximum  in  any 
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single  sample  examined  being  0-174  part  in  100,000  parts 
of  the  water. 

Similar  conclusions  are  afforded  generally  by  a  com¬ 
parison  of  the  numbers  expressing  the  amounts  of  oxygen 
consumed,  and  degrees  of  freedom  from  colour-tint  of  the 
successive  monthly  supplies.  It  is  to  be  noted,  however, 
that  while  the  curves  representing  the  variations  noted  by 
the  three  several  methods  of  examination,  show  a  marked 
correspondence  when  the  variations  are,  relatively 
speaking,  at  all  considerable,  their  correspondence,  as 
might  be  expected,  is  of  a  less  stricSt  or  more  general 
character  only,  in  the  case  of  such  inconsiderable  varia¬ 
tions  as  have  alone  had  to  be  recorded  during  the  past  six 
months. 

We  are,  Sir, 

Your  obedient  Servants, 

William  Crookes. 

William  Odling. 

C.  Meymott  Tidy. 
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ELECTRO-DEPOSITION  OF  PLATINUM.* 

By  W.  H.  WAHL. 

The  permanence  and  unalterability  of  the  metal  pla¬ 
tinum — properties  which  make  it  of  such  inestimable 
value  to  the  chemist — have  likewise  suggested  its  appli¬ 
cation  as  a  protective  covering  upon  the  surfaces  of  other 
metals  ;  and,  even  in  the  early  days  of  the  art  of  eleCtro- 
deposition,  efforts  to  obtain  a  satisfactory  coating  of  this 
metal  were  made.  The  failure  with  which  these  early 
experiments  were  attended  served  rather  to  stimulate 
than  to  deter  subsequent  investigators,  and  the  problem 
has  received  the  attention  of  a  number  of  the  most  noted 
experts  in  the  art.  The  results  that  have  been  accom¬ 
plished  cannot  be  said  to  have  been  entirely  satisfactory— 
a  statement  which,  I  believe,  will  be  fully  sustained  by 
the  faff  that  eleClro-plating  with  platinum,  on  the  com¬ 
mercial  scale,  is  practised  only  to  a  very  limited  extent. 
When  the  wide  field  of  application  for  platinum-plating 
is  considered-— and  I  need  only  name  philosophical, 
engineering,  surgical,  dental  and  electrical  apparatus  and 
instruments,  fire-arms,  watch-cases,  and  jewellery,  to  say 
nothing  of  the  host  of  miscellaneous  articles  of  utility  and 
ornament  to  which  the  metal  could  be  advantageously 
applied — the  conclusion  is  irresistible,  that  the  processes 
thus  far  proposed  for  the  purpose  do  not  fully  meet  the 
requirements  of  practical  service. 

Thus  far,  of  all  the  methods  that  have  been  proposed 
for  eleCtro  plating  with  platinum,  three  only  appear  to 
have  sufficient  merit  to  deserve  special  notice  ;  these 
are  : — 

(1)  Roseleur-Lanaux  method,  based  on  the  electrolysis 
of  a  solution  of  the  double  phosphate  of  sodium  and  pla¬ 
tinum. 

(2)  The  process  of  the  Bright  Platinum  Plating  Com¬ 
pany  (of  London),  a  modification  of  that  of  Roseleur, 
involving  the  introduction  into  the  bath  of  certain  sub¬ 
stances,  such  as  sodium  chloride  and  borax,  to  ensure  a 
bright  deposit  of  the  metal ;  and 

(3)  Boettger’s  method,  founded  on  the  electrolysis  of  a 
solution  of  the  double  chloride  of  ammonium  and  pla¬ 
tinum  in  sodium  citrate. 

Each  of  these  baths  will  yield  satisfactory  results  for  a 
time  ;  but,  as  I  shall  endeavour  to  show,  the  peculiar 
difficulties  met  with  in  the  practice  of  platinum-plating 
render  it  impossible  to  maintain  the  chemical  integrity  of 
these  electrolytes,  and,  in  consequence  thereof,  they  soon 
become  inefficient  or  inoperative  by  reason  of  contamina¬ 
tion  with  the  secondary  products  formed  therein. 
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*  Advance  sheet.  Read  at  the  Meeting  of  the  Chemical  Section  of 
the  Franklin  Institute,  May  20,  1890. 
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I  will  endeavour  in  what  follows  to  give  the  true  1 
explanation  of  the  difficulties  above  referred  to,  and  to 
indicate  what,  from  a  careful  study  of  the  subject,  fortified 
by  the  results  of  numerous  experiments,  I  conceive  to  be 
the  only  feasible  method  of  overcoming  them. 

The  first  difficulty  encountered  is  that  of  obtaining  a 
bright,  reguline,  and  adherent  deposit  of  the  metal,  in 
which  form  only  it  will  answer  the  demands  of  practice. 
There  is  no  difficulty  in  effecting  the  separation  of  the 
metal  from  solutions  of  almost  any  of  its  compounds. 
Zinc,  iron,  and  tin  reduce  it  promptly  by  simple  immer¬ 
sion,  and  this  very  facility  of  reduction  is  one  of  the 
reasons  why,  even  by  the  method  of  electrolysis,  the 
desired  objeCt  is  frequently  accomplished  only  in  an  im¬ 
perfect  manner  ;  for  the  eleCtro-plater  is  obliged  to  meet 
and  overcome  its  obstinate  disposition  to  separate  from 
many  of  its  compounds  in  the  condition  of  platinum  black, 
lacking  coherence  and  adherence,  and  therefore  entirely 
unsuited  for  his  purpose. 

Another  and  no  less  serious  difficulty  arises  from  the 
insolubility  of  plates  or  sheets  of  this  metal  as  anodes, 
when  solutions  containing  platinum  salts  are  submitted 
to  electrolysis.  In  eleCtro-plating  with  copper,  silver, 
gold,  and  nickel,  but  little  difficulty  is  encountered  in 
practice  on  this  account,  since  anodes  of  these  metals  are 
freely  soluble  in  many  solutions  capable  of  depositing 
them  when  they  are  submitted  to  electrolysis,  and  the 
rate  at  which  these  anodes  are  respectively  dissolved, 
approximates  so  nearly  to  that  at  Which  the  metals  are 
deposited  upon  the  objects  at  the  cathode,  that  the 
metallic  strength  of  the  electrolyte  is  maintained  sub¬ 
stantially  uniform,  and  eleCtro-plating  solutions  of  these 
metals  may  be  operated  for  a  long  time  without  requiring 
additions  of  metallic  salts.  The  eleCtro-deposition  of  the 
metals  whose  anodes  are  thus  traCtable  is  carried  on 
industrially  with  success. 

It  results  from  this  want  of  solubility  of  the  anode  that 
the  metallic  strength  of  the  electrolyte  employed  is  con¬ 
tinuously  being  weakened,  while  the  deposition  of  the 
metal  is  going  on,  and  the  conductivity  of  the  bath  is 
being  continually  modified  thereby.  The  character  of  the 
deposited  metal  also  is  injuriously  influenced  by  these 
constant  alterations  of  condition  in  the  bath  ;  and,  as  the 
rate  of  deposition  becomes  slower  and  slower  by  reason 
of  the  gradual  impoverishment  of  the  metallic  strength  of 
the  solution,  it  will  be  necessary  to  restore  it  by  fresh 
additions  of  metallic  salt.  The  practice  in  all  the  pro¬ 
cesses  of  eleCtro-plating  with  platinum  employed  up  to 
the  present  time,  save  that  of  Boettger,  is  to  use  for  this  j 
purpose  the  tetra-chloride  of  platinum.  With  this  single 
exception,  all  the  solutions  for  the  eleCtro-deposition  of 
platinum  thus  far  made  known,  so  far  as  I  am  aware,  are 
made  by  treating  the  chloride  with  compounds  of  the 
alkalies,  soda,  potassa,  or  ammonia.  Of  these,  the 
phosphates  and  oxalates  of  soda,  or  potassa,  are  in 
greatest  favour,  and  a  number  of  formulae  for  preparing 
platinum-plating  baths  with  their  aid  have  been  described. 
The  resulting  substance  is  commonly  a  double  salt,  such, 
for  example,  as  the  double  phosphate  of  sodium  and  pla¬ 
tinum  ;  the  double  oxalate  of  potassium  and  platinum, 
&c.,  contaminated,  however,  in  each  case  by  the  chloride 
of  the  alkali  employed,  which  is  formed  from  the  decom¬ 
position  of  the  platinic  chloride.  As  often  as  it  is  found 
necessary  to  strengthen  the  bath,  fresh  additions  are 
made  of  platinic  chloride,  which,  by  chemical  interaction 
with  the  constituents  of  the  bath,  aided  by  the  process  of 
electrolysis,  yields  more  alkaline  chloride  ;  and  it  follows 
that  the  bath,  by  reason  of  becoming  surcharged  with 
this  foreign  substance,  and  with  other  secondary  products 
of  electrolytic  decomposition,  ceases  to  yield  bright, 
reguline  platinum  upon  the  articles  to  be  plated  there¬ 
with  and  must  be  discarded.  It  then  becomes  necessary 
to  regain  the  platinum  contained  in  the  discarded  bath, 
by  one  or  another  of  several  processes  of  reduction  known 
to  chemists.  The  platinum  thus  regained  may  be  con¬ 
verted  into  chloride  and  utilised  in  the  preparation  of  a 


fresh  bath,  with  which  the  same  series  of  operations  will 
be  repeated.  Boettger  purposes  to  maintain  his  bath  by 
fresh  additions  of  his  original  solutions,  but  it  must  be 
apparent  that  the  continued  electrolysis  of  such  a  solu¬ 
tion  as  he  employs  must  be  attended  with  the  constant 
accumulation  therein  of  alkaline  chlorides  from  the  same 
causes  as  those  specified  above.  This  rapid  deterioration 
of  the  baths,  therefore,  involve  their  frequent  renewal  at 
the  expense  of  time  and  labour,  so  that,  in  spite  of  the 
faCt  that  there  is'  a  wide  field  for  its  application,  it  is 
principally  for  this  reason  that  the  art  of  eleCtro-plating 
with  platinum  on  the  commercial  scale  has  thus  far  been 
practised  only  to  a  very  limited  extent. 

It  occurred  to  me  that  it  might  be  practicable  to  over¬ 
come  the  principal  difficulty  here  set  forth.  Knowing  the 
influence  of  extent  of  surface  in  promoting  the  solubility 
of  substances,  it  appeared  to  me  at  least  probable  that  if 
the  platinum  were  exhibited  at  the  anode  in  the  form  of 
platinum-black,  or  sponge,  exposing  thus  an  enormously 
greater  number  of  points  of  attack  to  the  eleClro-negative 
element  or  acid  radical  there  set  free,  the  result  might 
be  the  solution  of  the  platinum,  and  the  problem  of  main¬ 
taining  the  metallic  strength  of  the  electrolyte  would  thus 
be  solved.  The  correctness  of  this  conjecture  was  verified 
by  experiment.  For  this  purpose  a  plate  of  porous 
battery  carbon,  previously  treated  with  boiling  hydro¬ 
chloric  and  nitric  acids,  was  saturated  repeatedly  with  a 
solution  of  platinic  chloride  and  dried.  It  was  then 
introduced  into  a  graphite  crucible,  finely  divided  carbon 
was  packed  about  it,  and  the  crucible  and  contents  heated 
for  about  half  an  hour  to  bright  redness.  The  carbon 
plate  then  contained  within  its  pores  platinum  in  a  state 
of  eminently  fine  division.  Treatment  with  water,  and 
with  hydrochloric  acid  at  boiling  temperature,  failed  to 
leach  out  any  platinum  salt,  showing  that  the  previous 
treatment  has  sufficed  to  reduce  all  the  platinum  salt  to 
the  metallic  state.  The  carbon  plate  was  then  suspended 
as  the  anode  in  moderately  diluted  hydrochloric  acid,  a 
platinum  plate  serving  as  the  cathode.  The  acid  bath 
was  gently  heated  and  a  current  of  moderate  strength  was 
allowed  to  flow  through  it.  There  was  a  liberal  evolution 
of  hydrogen  from  the  cathode,  but  little  perceptible 
evolution  from  the  anode.  The  acid  solution  gradually 
became  coloured  from  the  formation  of  platinic  chloride, 
and  after  some  time  the  bright  surface  of  the  cathode 
began  to  blacken  and  ultimately  became  covered  with  a 
thick  coating  of  platinum  black.  It  was  thus  demon¬ 
strated  that  an  anode  of  platinum  in  a  fine  state  of  divi¬ 
sion  is  readily  soluble  in  an  electrolyte  which  yields 
chlorine  at  the  anode  when  the  same  is  electrolysed.  This 
observation,  so  far  as  I  am  aware,  is  new.  It  proved, 
however,  to  have  no  practical  value,  since  the  solution  of 
the  anode  demanded  the  presence  of  a  large  proportion  of 
free  acid  in  the  plating-bath  and  the  use  of  currents  of 
such  strength  as  to  produce  invariably  the  deposition  on 
the  surfaces  to  be  plated,  of  black  and  non-adherent 
metal.  Furthermore,  it  was  found,  as  was  to  have  been 
anticipated,  that  the  physical  condition  of  the  anode 
exerted  no  influence  whatever  in  the  electrolysis  of  baths 
formed  of  the  oxy-salts  of  platinum,  from  which  the  best 
results  in  eleCtro-plating  are  obtained — since,  in  electro¬ 
lysing  such  compounds,  the  acid  radical  separated  upon 
the  surface  of  the  platinum  black  failed  to  exert  any 
perceptible  solvent  action. 

It  was  therefore  necessary  to  devise  some  other  plan 
for  overcoming  the  difficulties  herein  described,  and,  after 
making  a  number  of  fruitless  experiments,  I  was  so  fortu¬ 
nate  as  to  find  a  plan  which  appears  to  offer  a  solution 
of  the  troublesome  problem  of  eleCtro-plating  with  the 
group  of  metals,  whose  anodes  are  insoluble,  in  a  more 
satisfactory  manner  than  any  other  that  has  hitherto  been 
suggested 

The  plan  here  referred  to  consists  in  employing 
platinum  hydroxide  for  the  purpose  of  maintaining  the 
metallic  strength  of  the  plating-bath.  For  this  purpose, 
i  the  hydroxide,  which  is  readily  soluble  in  alkalies  and  in 
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many  of  the  acids,  may  be  introduced  into  the  plating- 
bath  from  time  to  time  and  dissolved  therein  by  stirring, 
or  it  may  be  permitted  to  remain  in  the  bath  in  excess, 
the  undissolved  portion  remaining  at  the  bottom  of  the 
containing  vessel,  or  it  may  be  suspended  in  a  canvas  bag 
adjacent  to  or  surrounding  the  anode  of  carbon,  according 
as  the  nature  of  the  eledtrolyte  may  indicate  one  or  the 
other  method  to  be  the  preferable  one.  As  the  solutions 
which  yield  the  best  results  in  plating  are  those  of  the 
oxygen  salts,  I  have  found  it  advantageous  also  to  prepare 
these  diredtly  from  the  hydroxide.  This  method,  I  have 
found,  is  capable  of  yielding  a  number  of  electrolytic  baths 
of  platinum  that  will  maintain  their  metallic  strength 
approximately  unimpaired  during  eledtrolysis,  and  with¬ 
out  the  objectionable  features  of  introducing  into  them 
substances  that  will  cause  them  to  deteriorate  by  the 
accumulation  therein  of  injurious  secondary  produdts  of 
decomposition,  as  is  the  case  where  such  baths  are 
maintained  by  additions  of  platinic  chloride  or  alkaline 
chloroplatinates,  as  has  hitherto  been  the  invariable 
pradtice.  Referring  now  specifically  to  the  properties 
that  render  the  platinic  hydrate  useful  for  the  purposes 
above  indicated,  the  following  points  appear  to  be 
deserving  of  mention. 

It  is  readily  soluble  in  aqueous  solutions  of  the  alkaline 
hydrates,  and  in  a  number  of  acids,  mineral  and  vegetable. 
In  the  treatment  of  the  platinic  hydrate  with  aqueous 
solutions  of  the  alkaline  hydrates,  the  former  plays  the 
part  of  a  weak  acid,  forming  compounds  known  as 
platinates,  which  are  very  soluble,  and  from  which  the 
platinum  is  not  precipitated  on  the  addition  of  an  access 
of  alkali.  A  weak  aqueous  solution  of  sodic  or  potassic 
hydrate  (but  especially  the  last  named)  will  dissolve  a 
large  quantity  of  platinic  hydrate,  at  the  ordinary  tem¬ 
perature,  though  solution  takes  place  more  freely  when 
heat  is  applied.  These  solutions  have  the  advantageous 
features  of  being  freely  conducive  of  electricity,  and  of 
yielding  bright,  reguline,  and  adherent  eledtro-deposits  of 
platinum  on  metallic  surfaces  previously  prepared  to 
accept  the  same.  Furthermore,  with  a  current  of  mode¬ 
rate  strength  the  platinic  hydrate  only  is  affedted,  as  is 
shown  by  the  pronounced  evolution  of  oxygen  at  the 
anode,  and  by  the  total  absence  of  gas  at  the  cathode. 
Also,  it  is  manifest  from  the  free  solubility  of  platinic 
hydrate  in  alkaline  hydrate,  even  in  the  cold,  that  if  free 
platinic  hydrate  be  present  in  a  bath  of  alkaline  platinate, 
the  alkali  set  free  in  the  process  of  electrolysis  will  com- 
bine  with  this  platinic  hydrate  to  form  fresh  platinate. 
For  this  purpose  it  will  be  necessary  either  to  have  pre¬ 
sent  in  the  bath  at  all  times  a  small  excess  of  platinic 
hydrate,  which  may  remain  upon  the  bottom  of  the  con¬ 
taining  vessel  without  interference  with  the  plating,  and 
which  may  be  replenished  from  time  to  time,  or  to 
introduce  at  the  end  of  the  day’s  work  a  quantity  of  the 
platinic  hydrate  sufficient  to  restore  the  metallic  strength 
of  the  bath  to  normal,  assisting  the  solution  of  the 
metallic  hydrate  by  stirring,  and  if  necessary  by  the 
application  of  gentle  heat.  As  I  have  found  that  the 
platinate  solutions  aCt  best  when  they  contain  a  consider¬ 
able  excess  of  free  alkaline  hydrate,  being  more  conduc¬ 
tive  of  the  current  and  yielding  the  platinum  more  freely 
and  in  the  best  condition,  the  addition  of  the  proper 
quantity  of  platinic  hydrate  at  the  close  of  the  day’s  work 
in  the  case  of  a  bath  of  considerable  volume,  or  the  addi¬ 
tion  of  small  quantities  at  intervals,  in  the  case  of  a  small 
bath,  will  be  found  to  answer  the  desired  purpose  of 
maintaining  the  metallic  strength  of  the  bath  approxi¬ 
mately  normal  for  an  indefinite  period.  In  a  bath  where 
considerable  free  alkali  is  present,  the  platinic  hydrate 
added,  as  just  indicated,  dissolves  very  freely  even  in  the 
cold.  The  important  fadt  is  to  be  noticed  that  the  alkaline 
platinate  solutions  may  be  maintained  and  operated  for  a 
long  time  in  the  manner  described,  since  no  deleterious 
secondary  products  are  formed  by  eledtrolysis  to  vitiate 
and  render  them  inoperative,  as  will  speedily  be  the  case 
where  the  platinic  chloride  is  used  for  this  purpose.  The 


mineral  acids  (hydrochloric,  nitric,  sulphuric,  and  phos¬ 
phoric  acids)  dissolved  the  hydroxide  freely,  as  likewise 
do  certain  of  the  vegetable  acids,  notably  oxalic  acid,  and 
form  with  corresponding  salts  of  the  alkalies  double 
salts,  many  of  which  are  soluble  in  water.  Of  the  salts 
thus  capable  of  being  formed,  however,  so  far  as  I  have 
been  able  to  determine  by  experiment,  only  a  limited 
number  appear  to  be  adapted  to  yield  a  deposit  of  bright, 
reguline,  and  adherent  platinum.  The  halogen  com¬ 
pounds  may  obviously  be  prepared  more  conveniently  by 
the  diredt  solution  of  the  metal  in  aqua-regia  than  by 
the  method  I  have  described,  but  as  I  have  found  the 
oxygen  compounds  of  platinum  to  yield  much  more  satis¬ 
factory  results,  I  therefore  exclude  them  from  considera¬ 
tion. 

Of  the  salts  that  may  be  formed  from  platinic  hydrate 
by  solution  in  acids  (and  in  part  by  suitable  combination 
with  the  corresponding  alkaline  compounds  to  form  double 
salts)  three  only  may  be  named  as  sufficiently  useful  to 
yield  practically  valuable  results  in  plating.  These  are 
the  phosphates,  oxalates,  and  acetates,  of  which  also  it 
is  practicable  to  form  double  salts  with  the  alkalies,  soda, 
potassa,  and  ammonia,  which  yield  bright,  reguline,  and 
adherent  platinum. 

Oxalic  acid,  so  far  as  I  have  been  able  to  determine,  of 
all  the  oxygen  acids,  is  the  best  solvent  of  platinic 
hydrate,  dissolving  it  even  in  the  cold,  but  with  great 
energy  when  aided  by  heat,  and  forming  platinous  oxa¬ 
late,  with  evolution  of  carbonic  anhydride.  From  this 
brownish  black  or  deep  blue  solution  (according  to  concen¬ 
tration)  brilliant  reddish  brown  scales  of  the  salt  separate 
abundantly  and  readily  from  the  hot  saturated  solution. 
A  saturated  aqueous  solution  of  the  simple  oxalate  pre¬ 
pared  from  the  hydrate,  as  above  described,  will  yield 
bright,  reguline,  adherent  platinum  when  eledrolysed 
with  a  comparatively  weak  current,  with  evolution  of 
carbonic  anhydride  at  the  anode.  With  a  stronger  cur¬ 
rent  hydrogen  also  appears  at  the  cathode.  This  bath 
may  be  maintained  indefinitely  at  normal  metallic 
strength  by  observing  the  precaution  to  add  oxalic  acid 
and  platinic  hydrate  in  small  quantities  from  time  to 
time;  or  by  keeping  constantly  at  the  bottom  of  the  bath 
some  platinic  hydrate,  and  adding  oxalic  acid  in  crystals 
or  powder  from  time  to  time  as  may  be  required  to  keep 
the  bath  saturated  ;  or,  what  is  much  to  be  preferred, 
making  a  supply  of  platinous  oxalate  from  platinic 
hydrate  in  the  manner  previously  described,  and  keeping 
an  excess  of  this  present  in  the  bath  at  all  times.  This 
bath  has  the  same  advantages  as  are  possessed  by  the 
above* described  alkaline  platinate  baths,  of  being  capable 
of  indefinite  maintenance  at  normal  metallic  "strength, 
and  of  introducing  no  substances  that  will  cause°its 
deterioration  by  the  formation  of  secondary  decomposition 
produdts. 

(To  be  continued). 
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It  has  been  the  objedt  of  the  author  to  produce  a  “  com¬ 
prehensive  treatise  upon  the  law  and  pradtice  of  patents 
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With  an  admirable  expenditure  of  research  and  labour 
he  has  collated  all  the  principal  judicial  decisions  bearing 
upon  the  subjedt,  and  from  these  materials,  taken  in  con¬ 
junction  with  the  existing  statutes  and  rules,  he  has 
deduced  a  general  survey  of  Patent  Law.  That  this  task 
has  not  been  easy  any  reader  may  easily  satisfy  himself. 
The  more  gratitude  is  consequently  due  to  the  author, 
not  merely  from  his  own  profession  and  from  patent- 
agents,  but  from  patentees,  adtual  or  prospective,  and 
from  patentees  who  may  possibly  be  aggrieved  by  some 
existing  patent. 

The  work  is  divided  into  three  parts.  The  first  deals 
generally  with  Patent  Law  and  practice,  with  an  account 
of  the  procedure  for  obtaining  a  patent — the  application, 
specification,  amendments,  and  oppositions,  assignments, 
and  licenses. 

Part  II.  gives  the  Patents,  Designs,  and  1'rade  Marks 
Acts  of  1883 — 1888,  so  far  as  they  bear  upon  patents. 

Part  III.  gives  an  Appendix  of  Statutes,  Forms, 
Foreign  and  Colonial  Patent  Laws — or,  as  we  should 
prefer  to  put  it,  Colonial  and  Foreign. 

On  reading  over  this  work  with  anything  like  the  care 
which  it  fairly  demands  we  cannot  fail  to  be  struck  with  the 
vast  amount  of  litigation  which  our  patent  system  involves. 
This  is  in  part  due  to  the  circumstance  that  a  patent  is 
granted  to  every  applicant,  provided  only  he  pays  the 
fees  and  observes  certain  very  simple  regulations.  Now, 
it  is  plain  that  no  preliminary  examination  can  prevent 
subsequent  appeals  to  the  Courts.  In  the  United  States 
and  in  Germany,  where  examination  is  very  stringent, 
litigation  on  the  validity  of  patents  is  by  no  means  un¬ 
known.  But  we  cannot  help  regretting  the  effrontery 
with  which  certain  persons,  especially  aliens,  will  come 
forward  and  obtain  patents  for  processes  which  have 
been  in  common  use,  and  which  have  become  public 
property.  Thus,  as  recently  as  1877,  an  agent  patented 
as  a  “  communication  from  abroad  ”  the  manufacture  of 
aluminium  sulphate  by  the  action  of  sulphuric  acid  upon 
dried  or  powdered  shales,  and  used  the  sulphate  obtained 
in  treating  sewage  1 

In  speaking  of  the  publications  of  the  Patent  Office 
the  author  mentions  with  evident  and  most  justifiable 
regret  the  discontinuance  of  the  Commissioner' s  Journal , 
which  not  only  gave  information  regarding  every  British 
patent,  from  the  first  application  to  its  final  expiry,  but 
also  the  the  patent  lists  of  foreign  countries. 

As  a  rule  it  has  been  the  author’s  object  simply  to  set 
forth  the  law  as  it  now  is,  and  not  to  suggest  what  it 
might,  could,  or  would  be.  He  writes,  however: — 
“  Patentees  still  suffer  an  anomalous  and  heavy 
taxation  in  the  form  of  renewal  fees,  which  begin  to  be 
payable  before  the  end  of  the  fourth  year.”  Unless  these 
are  duly  paid  the  patent  lapses.  To  our  certain  know¬ 
ledge  this  fadt  renders  it  much  more  difficult  to  dispose 
of  a  patent,  since  capitalists  hold  back  in  the  hope  that 
the  patentee  may  fail  to  pay  the  fee.  In  the  United 
States,  on  the  contrary,  when  once  the  initial  fee  of  20 
dollars  has  been  paid  the  patent  is  safe  for  the  full  term 
of  seventeen  years. 

The  author  mentions  the  complexity  of  the  law  prior 
to  1852,  by  which  three  separate  patents  were  required 
for  England,  Scotland,  and  Ireland,  and  the  heavy  ex¬ 
penses  thrown  upon  patentees,  and  adds  that,  “  under 
the  Patent  Law  Amendment  Adt  the  cost  of  obtaining  a 
patent  was  greatly  lessened,  and  there  was  a  further 
redudtion  in  1883.” 

The  expense  of  obtaining  protedtion  throughout  the 
British  Empire  is,  we  believe,  about  ^1400!  We  know 
of  one  invention  which  is  lying  dormant  on  this  very 
account.  What  should  have  been  done  in  1852  was  to 
devise  an  Imperial  patent,  obtainable  either  in  London, 
Calcutta,  Sydney,  Cape  Town,  &c.,  or  such  other  centres 
as  might  be  agreed  on. 

It  was  very  generally  hoped  when  the  Patent  Adt  of 
1883  was  passed  and  the  fees  were  made  easier  that  a 
new  vein  of  inventions  would  be  tapped.  This  hope 


does  not  seem  to  have  been  fully  realised.  The  number 
of  patents  has  indeed  been  largely  increased,  but  a  very 
large  proportion  are  frivolous,  whilst  another  proportion 
are  held  by  aliens  who  formerly  did  not  think  it  worth 
while  patenting  their  ideas  in  Britain.  We  fear  the 
British  workman  too  generally  seeks  to  rise  in  the  world 
by  strikes  and  agitations  rather  than  by  inventions. 

It  was  originally  held  that  the  very  meaning  of  the 
patent  system  was  to  introduce  new  arts  and  manufactures 
into  the  realm,  but  the  law  is  now  actually  made  the 
means  of  keeping  them  out.  This  is  to  a  great  extent 
effected  by  the  “  International  Convention.”  Dr.  Edmunds 
says  that  its  “  first  principle  was  to  ask  only  from  each 
country  the  same  treatment  from  subjects  of  each  of  the 
other  countries  as  was  accorded  to  their  own  subjects. 
The  Convention  was  in  no  way  based  upon  the  principle 
of  strict  reciprocity.”  In  fact  it  is  based  upon  the  prin¬ 
ciple  of  a  completely  “  one-sided  reciprocity,”  to  the  dis¬ 
advantage  of  British  subjects.  Thus,  suppose  an 
Englishman  wishes  to  obtain  protection  for  an  invention, 
say  in  the  German  Empire.  His  application  will,  in  the 
preliminary  examination,  be  “  winnowed  with  so  rough  a 
wind,”  that  to  prove  the  novelty  and  utility  of  his  ideas 
will  be  a  hard  task.  We  know  an  instance  where  the 
German  Patent  Office  raised  two  objections  to  a  desired 
patent.  After  prolonged  negociation  it  withdrew  these 
objections  as  untenable,  and  immediately  raised  a  fresh 
one  of  which  no  mention  had  been  made  in  the  first  un¬ 
favourable  report.  Nor  are  the  examiners  of  the 
American  Patent  Office  any  better  to  deal  with.  We 
remember  a  case  in  which  they  insisted  that  a  terhydrate 
and  a  tersilicate  were  one  and  the  same  thing. 

To  return  to  Germany.  Suppose  the  examiners  report 
favourably,  the  patent  is  granted,  subject,  however,  to 
the  condition  that  the  patent  must  be  worked  in  Germany 
within  three  years. 

In  France  there  is  no  preliminary  investigation,  but 
the  invention  must  be  worked  in  France  within  two 
years,  and  the  importation  into  France  of  articles  patented 
in  that  country  is  forbidden  under  penalty  of  forfeiture. 

The  manner  in  which  aliens  are  treated  under  the 
British  law  is  in  full  contrast.  Protedtion  is  granted 
without  examination,  and  they  are  under  no  compulsion 
to  work  their  inventions  upon  British  ground  at  all.  In 
fadt  numbers  of  them  have  evidently  not  the  least  in¬ 
tention  of  so  doing,  their  object  being  simply  to  prevent 
anyone  else  from  working  such  inventions  in  this 
country,  though  they  go  to  work  at  once  abroad.  The 
re  medy  would  be  to  enadt  that  if  any  person,  native  or 
alien,  holds  a  British  patent  for  an  invention  and  works 
it  abroad,  but  does  not  work  it  in  this  country  on  a  com¬ 
mercial  scale  within  two  years  the  patent  shall  become 
ipso  facto  void.  The  present  state  of  things  is  a  powerful 
argument  in  favour  of  Mr.  Macfie  and  others,  who  are 
opposed  to  patent-right  altogether. 

We  find  it  stated  in  a  note  that  the  Patent  Commission, 
constituted  under  the  Adt  of  1852,  was  to  include,  in 
addition  to  the  Law  officers  of  the  Crown,  certain  other 
persons.  “  Application  was  in  fadt  made  to  the  Royal 
Society,  the  Chemical  Society,  and  Institute  (of  Che¬ 
mistry  ?)  to  advise  on  the  seledtion  of  one  member  from 
each  society  to  adt  as  examiners.”  But  as  it  appeared 
that  these  gentlemen  were  expedted  to  give  their  services 
gratuitously  the  proposal  fell  through. 

It  is  stated — and  it  has  been  repeatedly  ruled  by  the 
Courts — that  no  patent  can  be  granted  for  an  invention 
which  is  in  itself  illegal  or  immoral.  Yet  we  believe  a 
patent  was  once  granted  for  a  machine  to  mould  chicory 
into  the  shape  of  coffee  berries.  As  the  sole  conceivable 
use  for  such  a  machine  was  fraudulent,  this  invention 
was  surely  immoral. 

A  vast  amout  of  fraud,  imposition,  quackery,  and 
sophistication  would  at  once  be  rooted  out  if  articles  of 
food,  drink,  or  substitutes  for  such  articles,  pharmaceutical 
produdts,  and  processes  for  their  preparation,  were 
deprived  of  protedtion  by  patent  or  trade-mark. 
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Quassia  Bitter  versus  Hop  Bitter . 


We  regret  that  we  cannot  devote  any  further  space  to 
the  consideration  of  this  work  and  the  questions  which  it 
raises.  We  must  pronounce  it  indispensable  to  all  who 
in  any  way  come  into  contadt  with  patents. 


Bench  Book  for  Test-tube  Work  in  Chemistry,  By  H.  T. 

Lilley,  M.A.  London  :  Simpkin,  Marshall,  and  Co. 
We  have  seen  and  heard  “  test-tube  chemistry  ”  spoken 
of  with  unsparing  contempt,  and  here  we  find  instructions 
for  its  performance  !  Who  is  in  the  right  ?  It  seems  to 
us  that  a  great  number  of  preliminary  examinations — 
especially  if  the  substance  in  question  is  to  be  had  in 
small  quantities  only — are  best  performed  in  test-tubes. 
If  this  is  the  case,  instructions  for  the  accurate  per¬ 
formance  of  such  operations  are  exceedingly  useful. 

The  work  is  carefully  written,  the  tests  laid  down  are 
correct,  and  there  are  not  a  few  remarks  which  will  be  of 
value  to  the  student. 


A  Treatise  on  Practical  Chemistry  and  Qualitative  Analysis. 

Adapted  for  Use  in  the  Laboratories  of  Colleges  and 

Schools.  By  Frank  Clowes,  D.Sc.,  F.C.S.  (London 

and  Berlin),  F.I.C.,  &c.,  Fifth  Edition.  London  : 

J.  and  A.  Churehill. 

When  an  elementary  work  on  chemistry  has  undergone 
the  ordeal  of  five  successive  editions  it  is  evident  that 
the  task  of  the  critic  must  be  light  indeed.  We  are 
bound  at  the  same  time  to  recognise  that  the  book  is 
admirably  compiled,  and  that  it  presents  a  happy  medium 
between  the  obscure  conciseness  of  some  text-books  and 
the  prolixity — often  irrelevant — of  others.  Intelligibility 
and  simplicity  have  been  successfully  aimed  at.  Direc¬ 
tions  for  working  and  for  the  right  use  of  apparatus  are 
given  more  fully  than  is  done  in  many  manuals,  and,  what 
is  of  great  importance,  the  whole  has  been  carefully 
checked  over  by  the  author  and  his  students.  We  must 
highly  approve  of  the  omission  of  speculative  and  descrip¬ 
tive  matter,  which,  however  interesting  per  se,  is,  in  a 
treatise  of  this  kind,  “  matter  out  of  place.” 

The  only  drawback  we  can  perceive  is,  perhaps,  less 
the  author’s  fault  than  his  misfortune.  The  work  is 
distinctly  examinational,  as  will  at  once  be  seen  from 
p.  v.  of  the  preface.  We  fear  it  must  be  admitted  that 
the  temporary  awakening  caused  by  the  protest  against  ex- 
aminationism  set  on  foot  by  Mr.  Auberon  Herbert,  though 
supported  by  thinkers  who,  perhaps,  would  agree  on  no 
other  subject,  has  died  away.  It  has  been  lost  amidst 
the  din  of  contending  factions,  and  borne  down  by  the 
mute  unreasoning  opposition  of  those  interested  in 
“  passing,”  and  in  getting  others  to  pass.  Hence,  if  any¬ 
one  takes  an  unexpected  place  in  a  competitive  examina¬ 
tion,  the  feat  is  greeted  with  j'ubilant  cheering,  as  if  the 
student  had  decomposed  an  element,  discovered  a  new 
form  of  energy,  or  a  biological  generalisation  wider  than 
that  of  Darwin.  So  long  as  such  a  spirit  prevails  we 
shall  never  be  released  from  those  correlative  enemies  of 
research — the  crammer  and  the  examiner. 


CORRESPONDENCE. 


COMPLEX  MINERAL  ACIDS. 

To  the  Editor  of  the  Chemical  News. 

Sir, —  In  the  “Notes  on  Valency,  Basicity,  Complex 
Acids,  and  Chemical  Notation,’’  which  you  were  so  good 
as  to  print  from  my  MS.  in  the  Chemical  News  (vol. 
lxi . ,  p.  267),  it  should  have  been  explained  that  the  dis¬ 
cussion  of  these  subjedls  was  there  undertaken  with 
reference  to  the  question  of  mineralogical  classification, 
as  will  be  more  fully  set  forth  in  a  forthcoming  treatise  on 
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“  Systematic  Mineralogy.”  The  conception  of  complex 
acids  is  not  to  be  limited  to  oxygenised  compounds,  but, 
as  will  be  seen,  is  also  applicable  to  complex  metalline 
species  in  which  sulphur  and  selenium,  arsenic,  antimony, 
and  bismuth  are  associated.  The  careful  reader  of  these 
“  Notes  ”  will,  moreover,  perceive  that  where,  in  two 
places,  the  symbol  T1  immediately  precedes  La,  it  is  a 
mistake  for  Y  (yttrium)  ;  and,  moreover,  that  FeOa 
should  be  Te03  (tellurium  dinoxyd).— I  am,  &c., 

T.  Sterry  Hunt. 

New  York,  June  30,  1890. 


QUASSIA  BITTER  versus  HOP  BITTER. 

To  the  Editor  of  the  Chemical  News. 

Sir, — Mr.  Adams,  of  Maidstone,  some  few  weeks  ago,  in 
giving  evidence  before  the  SeleCt  Committee  of  the  House 
of  Commons  appointed  to  enquire  into  the  decline  of  the 
hop  industry,  described  before  that  body  a  process  which 
he  stated  would  enable  him  to  state  whether  foreign 
bitters  had  been  used  in  place  of  hops  in  brewing,  and  a 
few  days  later  read  a  paper  before  the  Society  of  Public 
Analysts  in  which  he  stated  that  “  boiling  a  2J  per  cent 
decoCtion  of  hops  with  2J  percent  of  sulphuric  acid  under 
a  reflux  condenser  for  two  or  three  hours  every  trace  of 
bitter  is  removed  ;  but  quassia  and  its  allies  are  not  at 
all  affeCted  by  this  treatment.” 

The  statement  that  quassia  and  its  allies  are  not 
at  all  affeCted  by  this  treatment  I  repudiate  strongly. 

To  substantiate  my  repudiation  of  Mr.  Adams’s  process 
the  following  experiments  were  made  : — 

A  100  c.c.  solution  of  quassia  (B.P.)  was  taken  and  50 
c.c.  of  normal  solution  of  sulphuric  acid  added,  the  flask 
was  then  attached  to  a  reflux  condenser,  and  boiled  for 
three  hours.  Barium  hydrate  solution  was  then  added 
to  faint  alkaline  reaction,  heated,  and  filtered.  The 
filtrate  was  then  freed  from  excess  of  barium  hydrate  by 
sulphuric  acid,  and  filtered;  the  filtrate  just  exhibiting  a 
faint  acid  readtion,  which  was  then  evaporated  on  a 
water-bath  to  about  200  c.c.  Basic  acetate  of  lead  solu¬ 
tion  was  next  added  until  the  point  of  saturation  was 
reached,  then  boiled,  and  the  precipitate  filtered  off,  the 
excess  of  lead  in  the  filtrate  being  very  carefully  precipi- 
tated  by  sulphuric  acid.  The  slightly  acid  filtrate  was 
then  evaporated  to  its  original  bulk  (100  c.c.),  chalk  added 
to  neutralise  any  free  acid,  boiled,  and  then  filtered.  The 
solution  thus  obtained  was  compared  with  the  original 
solution  of  quassia,  with  the  result  that  the  bitter  was 
completely  changed  (to  use  Mr.  Adams’s  expression) 
from  that  of  a  fixed  bitter  to  that  of  a  fugitive  bitter. 

Such  being  the  case,  I  decided  to  boil  some  of  the 
quassia  solution  for  five  hours,  following  the  same  treat¬ 
ment  exactly,  except  that  the  last  filtrate  was  evaporated 
to  50  c.c.,  and,  when  compared  with  the  original,  the 
bitter  was  found  to  be  of  a  different  character  to  that  of 
the  original  ;  at  least  two-thirds  of  the  original  bitterness 
having  disappeared. 

Under  these  circumstances,  the  process  is,  in  my 
opinion,  worthless,  and  I  have  no  doubt  that  if  Mr.  Adams 
will  repeat  the  above  experiment,  and  boil  the  solution  of 
quassia  with  2J  per  cent  of  sulphuric  acid  for  ten  hours 
instead  of  five  hours,  at  the  end  of  that  time  he  will  most 
likely  find  that  all  traces  of  bitterness  have  vanished,  even 
if  taken  up  with  chloroform. — I  am,  &c., 

William  Johnston. 

City  Central  Laboratory, 

13,  Fish  Street  Hill,  E.C.,  July  14,  1890. 


Parkes  Museum. — In  order  to  make  the  Parkes 
Museum,  which  is  supported  by  the  Sanitary  Institute, 
available  to  all  classes  for  the  purpose  of  obtaining  in¬ 
formation  on  matters  relating  to  hygiene  and  sanitary 
appliances,  the  Council  have  resolved  to  throw  the 
Museum  open  free  at  all  times  except  when  meetings  are 
[  being  held. 


Chemical  Notices  from  Foreign  Sources.  { 

MISCELLANEOUS. 
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CHEMICAL  NOTICES  FROM  FOREIGN 
SOURCES. 

Note. — All  degrees  of  temperature  are  Centigrade  unless  otherwis 
expressed. 

Comples  Rendus  Hebdomadaires  des  Seances,  de  ’ Academie 
des  Sciences.  Vol.  cx.,  No.  26,  June  30,  1890. 

Partial  Eclipse  of  the  Sun  of  June  17. — J.  Janssen. 
— The  author  communicates  a  letter  from  M.  A.  de  la 
Baume  Pluvinel,  in  which  the  latter  remarks  that  so  far 
he  has  not  been  able  to  detedl  any  difference  between  the 
spedlrum  of  the  ring  and  the  ordinary  spedtrum  of  the 
sun. 

Photographic  Spetflrum  of  Sirius. —  Dr.  W. 
Huggins. — The  author  has  for  some  time  suspedled  the 
presence  of  a  group  of  obscure  rays  in  the  most  refiangible 
paitofthe  spedlrum  of  this  star.  In  a  photograph  of 
Sirius  taken  on  April  4  this  group  came  out  distinctly, 
and  the  author  was  able  to  make  approximate  measure¬ 
ments  of  the  positions  of  six  rays  of  this  group.  These 
obscure  rays  are  as  strong  and  broad  as  the  rays  of  the 
ultra-violet  series  of  hydrogen,  and  they  probably  belong 
to  one  and  the  same  substance,  at  present  unknown. 

Researches  on  the  Application  of  the  Measure¬ 
ment  of  the  Rotatory  Power  to  the  Determination 
of  the  Compounds  Resulting  from  the  Acftion  of 
Malic  Acid  upon  the  Neutral  Sodium  and  Potassium. 
Tungstates. —  D.  Gernez. —  Like  the  alkaline  molyb¬ 
dates,  the  tungstates  exert  upon  the  rotatory  power  of 
malic  acid  a  very  well-marked  adtion,  the  measurements 
of  which  show  the  compounds  produced  among  simple 
numbers  of  equivalents  of  these  bodies.  The  author’s 
results  are  given  in  the  form  of  a  table. 

The  Adtion  of  Titanium  Chloride  upon  Metals. — 
Lucien  Levy. — Titanium  chloride  being  passed  over 
silicon  at  white  redness  yields  very  hard  cubic  crystals  of 
a  steely  whiteness.  To  obtain  them  it  is  necessary  to 
operate  in  an  atmosphere  of  pure  dry  hydrogen.  Boron 
and  various  metals  (excepting  iron  and  antimony)  may 
be  substituted  for  silicon  in  this  experiment.  The  crystals 
obtained  are  not  readily  attacked  by  reagents.  Melting 
potassa  alone  dissolves  them  and  produces  an  inflammable 
gas. 

The  Decomposition  of  Rocks  and  the  Formation 
of  Arable  Soils. — A.  Muntz. — The  author  has  found  the 
microbia  of  nitrification  present  on  rocks,  especially  on 
parts  which  are  in  process  of  disintegration,  and  he 
ascribes  to  these  organisms  a  considerable  share  in  the 
formation  of  soils. 

Identity  in  Composition  of  Certain  Sedimentary 
Phosphates  with  Apatite. —  Henri  Lasne. — The  author 
states  that  in  the  natural  phosphates  of  sedimentary 
origin  which  he  has  examined  fluorine  is  present  in  much 
larger  proportions  than  it  is  commonly  supposed.  This 
is  due  to  the  defedive  analytical  methods  employed. 
The  minerals  in  question  contain  1  equiv.  of  fluorine  to 
3  of  phosphorus. 

Journal  fur  Prahtische  Chemie. 

New  Series,  Vol.  xli.,  Part  7. 

Certain  Syntheses  by  means  of  Fhenylcyanate. — 
R.  Leuckart. — The  author  has  examined  the  adion  of 
phenylcyanate  upon  aromatic  hydrocarbons,  upon  the 
alkyl  ethers  of  the  phenols,  upon  the  phenols,  and  upon 
the  nitro  -  substituted  aromatic  amines  and  the  amido- 
phenols. 

Nitro-  and  Chloro-Derivatives  of  /3  -  Methyl-$- 
Oxyquinazoline. — H.  Dehoff. — The  author  has  examined 
the  adion  of  nitric  acid  and  phosphorus  pentachloride 
upon  anhydro-acetyl-ortha  amido-benzamide,  The  results 
will  shortly  be  made  known. 


Elizabeth  Thompson  Science  Fund. —  This  fund, 
which  has  been  established  by  Mrs.  Elizabeth  Thompson, 
of  Stamford,  Connedicut,  “for  the  advancement  and 
prosecution  of  scientific  research  in  its  broadest  sense,” 
now  amounts  to  $26,000.  As  accumulated  income  will 
be  available  December  next,  the  trustees  desire  to  receive 
applications  for  appropriations  in  aid  of  scientific  work. 
This  endowment  is  not  for  the  benefit  of  any  one  depart¬ 
ment  of  science,  but  it  is  the  intention  of  the  trustees 
to  give  the  preference  to  those  investigations  which 
cannot  otherwise  be  provided  for,  which  have  for  their  ob- 
jed  the  advancement  of  human  knowledge  or  the  benefit 
of  mankind  in  general,  rather  than  to  researches  direded 
to  the  solution  of  questions  of  merely  local  importance. 
Applications  for  assistance  from  this  fund,  in  order  to 
receive  consideration,  must  be  accompanied  by  full  in¬ 
formation,  especially  in  regard  to  the  following  points: — 
1.  Precise  amount  required.  (Applicants  are  reminded 
that  one  dollar  ($1.00  or  $1)  is  approximately  equivalent 
to  four  English  shillings,  four  German  marks,  five  French 
francs,  or  five  Italian  lire.  2.  Exad  nature  of  the  inves¬ 
tigation  proposed.  3.  Conditions  under  which  the 
research  is  to  be  prosecuted.  4.  Manner  in  which  the 
appropiation  asked  for  is  to  be  expended.  All  applica¬ 
tions  should  reach  before  December,  1890,  the  Secretary 
of  the  Board  of  Trustees,  Dr.  C.  S.  Minot,  Harvard 
Medical  School,  Boston,  Mass.,  U.S.A.  It  is  intended  to 
make  new  grants  at  the  end  of  1890.  (The  trustees  are 
disinclined,  for  the  present,  to  make  any  grant  exceeding 
three  hundred  dollars  ;  decided  preference  will  be  given 
to  applications  for  smaller  amounts. — (Signed)  Henry  P. 
Bowditch,  President;  William  Minot,  jun.,  Treasurer ; 
Edward  C.  Pickering;  Francis  A.  Walker;  Charles- 
Sedgwick  Minot,  Secretary. 

NOTES  AND  QUERIES. 

'***  Our  Notes  and  Queries  column  was  opened  for  the  purpose  of 
giving  and  obtaining  infoi  mation  likely  to  be  of  use  to  our  readers 
generally.  We  cannot  undertake  to  let  this  column  be  the  means 
of  transmitting  merely  private  information,  or  such  trade  notices 
as  should  legitimately  come  in  the  advertisement  columns. 

Tempering  Bra  ss.— Can  any  of  your  readers  give  me  a  recipe  for 
effodtually  hardening  or  tempering  small  brass  articles;  the  elas¬ 
ticity  of  the  brass  must  not  be  disturbed,  and  whatever  is  used  should 
not  corrode  the  brass  in  any  way  ?  If  the  surface  only  of  the  wire  is 
hardened  this  may  be  sufficient. — C. 
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PATENTS,  DESIGNS,  &  TRADE  MARKS  ACT,  1883. 
TVJOTICE  IS  HEREBY  GIVEN  that 

L  ’  Sigismund  Pick,  of  Szczakowa,  Galicia,  Austria,  has  app'ied 
for  leave  to  amend  the  Specification  of  Letters  Patent  No.  5124  of 
1887,  granted  to  George  Isaac  James  Wells,  for  “  Improvements  in 
the  evaporating  of  liquors  containing  salts  and  in  the  separation  of 
those  salts.” 

Particulars  of  the  proposed  amendment  are  set  forth  in  the  Illus¬ 
trated  Official  Journal  (Patents)  issued  on  the  25th  June,  1890. 

Any  person  may  give  notice  (on  Form  G)  at  the  Patent  Office,  25, 
Southampton  Buildings,  London,  W.C.,  of  opposition  to  the  amend¬ 
ment  within  one  month  from  the  date  of  the  said  Journal. 

(Signed) 

H.  READER  LACK, 

Comptroller-General. 

W.  LLOYD  WISE, 

46(  Lincoln’s  Inn  Fields, 

Agent  for  the  Applicant. 
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THE  PHOSPHORESCENCE  PRODUCED 
UPON  THE  FIRST  CONTACT  OF  OZONE 
WITH  CERTAIN  FLUIDS. 

By  ERNST  FAHRIG. 


Some  years  since,  in  experimenting  with  some  new  liquid 
preparations  of  ozone,  I  accidentally  observed  a 
phenomenon  which  immediately  attracted  my  attention, 
and  led  me  to  make  many  more  experiments  upon  the 
subjedt.  But  these  further  tests,  instead  of  clearing  up 
the  matter  by  affording  a  definite  explanation  of  the 
peculiar  adtion  produced,  only  mystified  me  the  more ; 
for  they  merely  served  to  upset  the  various  theories  and 
explanations  which  have  from  time  to  time  suggested 
themselves  not  only  to  me,  but  to  scientific  friends  to 
whom  I  have  mentioned  the  matter ;  and  in  my  own 
view,  they  render  no  less  untenable  a  theory  which  has 
been  publicly  advanced  by  some  others  who  have  in¬ 
dependently  discovered  and  worked  in  the  same  field,  and 
to  which  I  shall  presently  refer.  Thus  perplexed,  I  have 
resolved,  with  the  Editor’s  kind  permission,  to  publish  an 
account  of  these  experiments  in  this  journal,  in  the 
hope  that  some  among  its  wide  circle  of  readers  may  be 
able  to  throw  some  fresh  light  upon  the  question. 

My  first  observation  of  the  phenomena  was  in  the  fol¬ 
lowing  manner  : — I  was  in  a  dark  room,  and  having  in 
my  hand  a  sealed  bottle  about  three-quarters  full  of  a 
preparation  of  ozone  (in  this  instance  a  solution  of  ozone 
in  water  containing  a  small  percentage  of  other  substances, 
which  I  have  found  in  the  course  of  my  experience  are 
necessary  to  retain  the  ozone  in  solution),  I,  with  no  par¬ 
ticular  purpose  in  view,  gave  the  bottle  a  vigorous  shaking 
up ;  instantly  I  saw  a  soft  phosphorescent  glow  of  light 
floating  above  the  surface  of  the  liquid  and  permeating 
the  space  in  the  upper  part  of  the  bottle.  Its  appearance 
was  only  momentary  ;  but  on  shaking  the  liquid  up  again 
immediately  afterwards  it  was  observed  again,  but  in 
much  diminished  intensity.  Further  repetition  failed  to 
produce  any  results,  but  after  an  interval  of  ten  days  the 
liquid  had  apparently  regenerated  its  power,  and  the  same 
efledis  could  be  observed,  though  weaker.  I  observed  the 
phenomena  in  another  way,  and  obtained  some  especially 
remarkable  results,  by  pouring  a  small  quantity  of  an 
ozone  solution  into  a  glass  beaker  containing  ordinary 
water.  At  first  the  cone-like  projection  of  the  solution 
where  it  falls  into  the  water  becomes  luminous,  and  then 
the  light  suffuses  the  whole  mass  as  the  liquids  be¬ 
come  thoroughly  mingled,  and  finally  disappears.  Similar 
experiments  to  this  have  since  been  successfully  carried 
out  by  the  gentlemen  above  mentioned  as  having  worked 
in  this  direction  ;  and  it  is  doubtless  upon  consideration 
of  this  particular  variation  of  the  phenomena  that  they 
have  based  their  theory. 

Now,  it  does  not  seem  possible  that  the  luminosity 
can  be  due  to  a  purely  chemical  aCtion  among  the  various 
inorganic  constituents  brought  together,  for  a  careful 
consideration  of  the  properties  and  chemical  reactions  of 
these  does  not  indicate  the  likelihood  of  any  such  aCtion 
taking  place.  I  have  found,  indeed,  that  it  is  essentially 
dependent  upon  some  peculiar  property  of  the  ozone,  and 
that  it  is  in  no  wise  influenced  by  the  medium,  solvent,  or 
condition  in  which  this  is  presented  to  the  water.  That 
is  to  say,  the  appearance  of  the  phosphorescence  is  not 
thereby  interfered  with  in  entirety,  although  there  is 
some  difference  of  degree  in  the  intensity  produced. 
Thus,  with  preparations  of  ozonised  oil  the  same  effects 
occur,  and  also  with  ozonised  air  or  the  pure  gas  itself. 


The  latter  is  applied  by  means  of  a  glass  tube  immersed 
in  the  water,  and  with  this  method  there  is  a  marked  in¬ 
crease  in  the  duration  and  intensity  of  the  phos¬ 
phorescence.  Or  an  easy  way,  very  similar  to  my  first 
experiments,  of  observing  the  effeCl  is  to  take  a  bottle 
partly  full  of  ordinary  water  and  confine  ozone  gas  or 
ozonised  air  in  the  remaining  space.  When  shaken  up 
in  the  dark,  the  upper  part  of  the  bottle  is  seen  to  become 
permeated  with  the  light. 

Trying  the  experiment  with  other  substances  in  place 
of  ozone,  I  each  time  failed  to  produce  the  least  appear¬ 
ance  of  the  phenomena.  Thus,  chlorine,  an  element 
which  in  the  striking  similarity  of  its  reactions  to  those 
of  ozone  exhibits  a  remarkable  analogy  to  that  gas — so 
much  so,  that  it  is  extremely  difficult  to  test  or  distinguish 
between  the  two  —  absolutely  would  not  afford  the 
slightest  glimmer  of  light ;  although  it,  of  all  other  sub¬ 
stances,  should  be  the  most  likely  to  produce  analogous 
effedts  to  those  of  ozone.  To  be  quite  certain  upon  this 
point,  I  applied  the  chlorine  in  a  great  many  different 
ways  and  conditions,  but  always  with  the  same  negative 
results.  Thus,  free  chlorine  -  gas,  chlorine  -  water, 
chlorinated  soda  hypochlorides,  chloride  of  lime,  and 
ordinary  bleaching  liquors  were  all  subjected  to  experi¬ 
ment,  and  in  every  case,  as  with  numerous  other  sub¬ 
stances,  peroxide  of  hydrogen  included,  the  already 
strongly  established  conclusion  was  confirmed,  that  the 
phenomenon  is  wholly  and  solely  due  to  some  remarkable 
adtion  of  the  ozone,  and  to  eledtrically  produced  ozone 
alone. 

Having  satisfied  myself  of  this  in  a  sufficiently  exhaus¬ 
tive  manner,  I  turned  my  attention  to  water  into  which 
the  ozone  preparations  are  introduced,  and  endeavoured 
to  determine  how  variations  in  its  quality  and  source 
might  influence  the  effedts.  In  this  diredtion  I  met  with 
a  series  of  most  strangely  conflidting  results.  I  found  that 
some  samples  of  water  would  duly  give  off  the  momentary 
glow  of  light,  upon  the  application  of  the  ozone,  while 
others  would  not,  but  the  most  curious  fadt  was  that  ex¬ 
amination  or  analysis  failed  to  discover  any  cause  to 
which  these  and  negative  results  might  be  assigned,  or 
any  explanation  by  which  they  might  be  reconciled. 
In  river  water  the  light  was  very  good  ;  in  some  from  a 
deep  well  there  was  none  whatever.  In  sea  water  there 
was  none,  and  altogether  there  is  a  great  and  inexplicable 
uncertainty  about  the  probable  behaviour  of  any  particular 
specimen  of  water,  which  makes  it  pradtically  impossible 
to  foretell  the  result  when  first  trying  the  experiments 
with  a  new  sample,  although  the  charadteristic  impurities 
and  conditions  of  the  same  may  be  well  known  and 
understood  beforehand.  It  was  owing  to  this  same  un¬ 
certainty  that  I  was  much  vexed  a  short  time  since  by 
failure  in  an  attempt  to  exhibit  the  phenomena  to  a  party 
of  scientific  gentlemen  ;  while  on  the  very  next  day  I  was 
able  to  succeed  with  almost  identical  materials  and  con¬ 
ditions.  Hence,  also,  the  great  c.fficulty  of  arriving  at 
any  plausible  explanation. 

The  theory  before  referred  to,  and  which  is  apparently 
the  most  probable  of  any  that  has  yet  been  suggested,  is 
that  the  light  is  generated  during  the  destrudtion  or 
oxidation  of  the  organic  matter  of  the  water,  or  in  killing 
the  badteria  or  micro-organisms  which  it  may  contain. 
But  I  think  this  cannot  be  sustained  in  view  of  the  tests 
made  with  different  samples  of  water;  for  it  is  evident 
that  were  this  the  case,  the  appearance  and  intensity  of 
the  effedts  would  depend  upon  the  presence  and  pro¬ 
portional  amount  of  organic  matter  in  the  water, 
which,  however,  does  not  seem  to  be  at  all  agreeable 
with  experience.  In  fadt,  I  have  found  that  water  pre¬ 
viously  boiled  and  filtered,  to  free  it  from  badteria  and 
other  organic  life,  does  not  thereby  become  indifferent  to 
the  experiment,  thus  furnishing  what  would  seem  to  be  a 
very  strong  and  diredt  negative  to  the  aforesaid  theory. 
But,  in  justice  to  its  exponents,  I  should  add  that  they 
deny  it  is  possible  to  destroy  badteria  by  boiling,  in  which 
statement  I  understand  they  are  supported  by  the  great 


40 


Electro-deposition  of  Platinum. 


f  Chemical  News, 
l  July  25, 1890, 


baderiologist,  Dr.  Koch,  and  they  further  affirm  that  this 
important  office  can  only  be  effedually  performed  by 
means  of  ozone.  If  they  are  right  in  this  contention 
their  theory  must  be  allowed  to  stand  ;  but  to  prove  it 
thoroughly  it  will  be  necessary  to  show  a  closer  connec¬ 
tion  .between  the  intensity  of  the  phosphorescence  and  the 
observed  proportions  of  micro-organic  life  than  can  at 
present  be  said  to  exist. 

As  to  the  light  itself,  I  can  only  describe  it  as  a  soft 
phosphorescent  glow,  which  quickly  spreads  through  the 
mass  of  fluid  or  gas,  as  the  case  may  be,  and  as  quickly 
disappears.  It  is  very  similar  in  appearance  to  that  of 
another  phenomenon  which  I  believe  I  was  the  first  to 
observe  some  ten  or  twelve  years  ago,  and  of  which  also 
I  have  been  unable  to  find  any  satisfadory  explanation.  It 
is  that  when  the  globe  or  bulb  of  an  old  incandescent  lamp 
is  lightly  rubbed  with  the  hand  and  then  immersed  in 
water,  slightly  warm,  or  simply  breathed  upon,  a  distind 
light  is  observed  to  be  diffused  through  the  globe — in  the 
dark,  of  course.  I  have  laid  especial  emphasis  upon  the 
fad  that  the  lamp  must  be  an  old  one,  because  herein  lies 
the  peculiar  interest  of  the  experiment.  For  at  first  sight 
one  naturally  supposes  that  the  same  results  can  be  ob¬ 
tained  with  an  ordinary  piece  of  glass  ;  but  this  is  not  so  ; 
neither  can  any  response  to  the  experiment  be  excited  in 
a  new  or  unworked  lamp.  Of  this  I  fully  assured  myself 
by  making  lamps  specially  for  the  purpose  and  subjecting 
them  to  tests  to  see  if  it  was  not  some  hitherto  un¬ 
observed  property  of  an  exhausted  bulb  of  glass.  There¬ 
fore,  as  the  vacuum,  pure  and  simple,  is  not  the  cause,  it 
would  seem  that  the  light  is  in  some  way  dependent  upon 
some  sort  of  chemical  change  in  the  minute  quantities  of 
gases  remaining  in  the  bulb,  produced  by  long  contadt 
with  the  incandescent  filament.  Gaseous  compounds 
may  be  thus  formed,  which  under  the  condition  of  ex¬ 
treme  ratification,  may  have  the  property  of  phosphor¬ 
escence  when  subjeded  to  eledtric  strain.  Still  this  does 
not  leave  the  reason  for  moistening  the  bulb  at  all  clearly 
defined  ;  though  the  function  of  this  process  is  doubtless 
to  accomplish  a  rapid  discharge  of  the  eledtricity 
generated  by  the  fridtion  of  rubbing. 

•  In  conclusion,  I  may  throw  out  a  suggestion  that  the 
luminosity  in  the  first  case  is  due  to  a  release  of  the 
energy  stored  up  in  the  ozone  at  its  creation,  but  I  will 
say  nothing  as  to  its  plausibility,  or  as  to  how  it  appears 
to  meet  the  case. 


ON  THR 

ELECTRO-DEPOSITION  OF  PLATINUM.* 

By  W.  H.  WAHL. 

(Concluded  from  p.  35). 

Phosphoric  acid  also  is  a  solvent  of  platinic  hydrate.  A 
dilute  aqueous  solution  of  this  acid  will  dissolve  a  small 
quantity  of  the  metallic  hydrate  in  the  cold,  and  a  much 
larger  quantity  when  aided  by  heat.  With  increasing 
concentration  the  solvent  power  of  this  acid  for  platinic 
hydrate  is  correspondingly  increased.  The  resulting 
solution  of  phosphate  of  platinum,  according  to  the 
degree  of  concentration,  will  be  wine-yellow  to  cherry- 
red  in  colour,  and,  with  a  comparatively  weak  current, 
will  yield  bright,  reguline,  and  adherent  platinum  on 
metallic  surfaces  properly  prepared  to  accept  the  same. 
The  eledrolysis  of  this  compound  also  does  not  involve 
the  formation  of  deleterious  secondary  produds,  the 
result  of  the  operation  being  the  separation  of  the  metal 
at  the  cathode  and  of  the  acid  radical  at  the  anode — and 
of  the  elements  of  water  which  are  evolved  as  gases 
respedively  from  anode  and  cathode.  In  the  operation  of 
the  bath,  therefore,  it  will  become  more  and  more  acid 


*  Advance  sheet.  Read  at  the  Meeting  of  the  Chemical  Section  of 
the  franklin  Institute,  May  20,  1890. 


as  the  metal  is  withdrawn  by  the  accumulation  therein  o^ 
the  phosphoric  acid  set  free  at  the  anode.  The  main¬ 
tenance  of  the  metallic  strength  of  the  bath,  therefore, 
may  be  effeded  as  in  the  foregoing  cases  by  having 
present  therein  at  all  times  a  small  quantity  of  platinic 
hydrate,  or  by  the  addition  at  the  end  of  each  day’s  work 
of  the  quantity  of  the  metallic  hydrate  which  will  be 
required  to  restore  the  amount  of  metal  withdrawn.  This 
bath  must  be  worked  very  acid,  and  the  solution  of  the 
platinic  hydrate,  to  maintain  the  strength  of  the  bath,’ 
must  be  facilitated  by  heating,  as  the  solvent  power  of 
phosphoric  acid  for  platinic  hydrate  is  much  inferior  to 
that  of  oxalic  acid.  The  double  phosphates  of  platinum 
with  certain  of  the  alkalies  may  be  formed,  which  will  be 
capable  of  yielding  a  deposit  of  bright,  reguline,  and  ad¬ 
herent  metal,  and  of  being  maintained  approximately  at 
normal  metallic  strength  in  the  same  manner  as  I  have 
set  forth  above.  The  best  results  I  have  obtained  with  the 
ammonio-platinic  phosphate  prepared  by  adding  to  the 
solution  of  platinic  hydrate  in  phosphoric  acid  sufficient 
aqua  ammonia  to  cause  the  same  to  give  an  alkaline  re¬ 
action,  which  point  will  be  indicated  by  the  formation  of 
a  greyish  precipitate  that  will  not  disappear  on  stirring  ; 
then  restoring  the  acidity  of  the  solution  by  adding  free 
phosphoric  acid  in  excess,  upon  which  the  precipitate 
readily  dissolves.  The  resulting  solution  isyellowish  or 
brownish,  and  yields  superb  plating;  though,  on  account 
of  the  greater  difficulty  of  maintaining  its  metallic 
strength  by  the  solution  of  the  hydroxide,  it  is  not  so  well 
adapted  as  the  oxalate  for  the  work  of  eledro-deposition 
on  the  large  scale.  The  sodio-platinic  phosphate,  formed 
in  a  manner  precisely  analogous  to  the  ammonia  com¬ 
pound  just  described,  will  also  yield  bright,  reguline,  and 
adherent  plating ;  but  I  have  observed  that  the  soda  salt 
is  less  freely  soluble  than  the  corresponding  ammonia 
compound,  and  consequently  more  difficult  than  the 
latter  to  maintain  of  normal  metallic  strength. 

Platinic  hydrate  is  only  very  sparingly  soluble  in  strong 
acetic  acid,  and  it  is  impracticable  to  facilitate  the  solu¬ 
tion  by  boiling,  since  by  persisting  in  this  for  a  very  short 
time  the  hydrate  is  decomposed  and  black  platinic. oxide 
is  formed,  which  is  quite  insoluble  in  this  menstruum.  I 
have  found,  however,  that  an  alkaline  acetate  bath  may 
be  prepared  by  the  addition  to  the  alkaline  platinates 
above  described  of  as  much  acetic  acid  as  may  be  intro¬ 
duced  without  causing  the  formation  of  a  permanent  pre¬ 
cipitate.  But  although  the  appearance  and  quality  of  the 
plating  obtained  with  this  bath  leave  nothing  to  be 
desired,  the  bath  does  not  meet  the  requirements  in 
resped  of  indefinite  maintenance  in  normal  metallic 
strength  and  uniform  composition.  This  difficulty,  how¬ 
ever,  as  I  have  observed,  becomes  less  and  less  pronounced 
as  the  bath  is  made  more  strongly  alkaline,  when  it  ap¬ 
proximates  more  and  more  closely  to  the  alkaline 
platinates ;  for  it  is  obvious  that  in  the  presence  of  a 
large  amount  of  free  alkali  this  would  unite  with  the 
acetic  acid  to  form  a  simple  acetate.  The  resulting  solu¬ 
tion  would  no  longer  contain  sodio-  (potassio-)  platinic 
acetate,  but  sodic  (potassic)  acetate,  sodic  (potassic) 
platinate,  and  free  alkali.  Nevertheless  the  presence  of 
acetic  acid  in  such  alkaline  bath  appears  favourably  to 
influence  the  quality  of  the  plating  yielded,  giving  the 
deposited  metal  a  whiteness  approaching  that  of  silver  ; 
and  since,  furthermore,  acetic  acid  yields  only  the  ele¬ 
ments  of  water  and  volatile  compounds  when  eledrolysed, 
and  therefore  does  not  contaminate  the  eledrolytic  bath 
by  forming  deleterious  secondary  produds,  I  find  its 
judicious  addition  to  the  above-described  alkaline 
platinate  baths  to  present  some  advantages. 

The  foregoing  comprise  the  compounds  that  I  have 
found  to  yield  the  most  satisfadory  results  in  platinum 
plating,  and  I  will  not  tax  your  patience  at  this  time  by 
an  enumeration  of  the  results,  either  partially  successful, 
or  wholly  unsuccessful,  that  I  have  obtained  with  a 
number  of  differently  constituted  compounds  of  this 
metal. 
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Electro-deposition  of  Platinum. 


I  append  dire&ions  for  the  preparation  of  the  several 
electrolytic  baths  above  described,  and  indicate  what  I 
have  found  to  be  the  most  favourable  conditions  for 

working  them.  ,  f  n.  u-  u 

In  conclusion,  I  desire  to  make  known  the  fact,  whicn 
was  brought  to  my  knowledge  only  within  the  past  week, 
that  my  friend  Prof.  Wm.  L.  Dudley,  of  Vanderbilt  Uni¬ 
versity,  Nashville,  Tenn.,  has  independently  worked  out 
the  problem  of  electro  plating  with  iridium  in  a  manner 
precisely  analogous  to  that  which  I  have  herein  described 
with  platinum.  Prof.  Dudley  has  made  no  publication 
of  his  research,  but,  in  a  letter,  informs  me  that  he  em¬ 
ployed,  as  long  ago  as  1886,  the  following  procedure, 
which  I  quote  “  A  bath  of  the  metal  may  be  composed 
of  either  the  chloride  (I rC I4) ,  the  double  chloride  of 
iridium  and  sodium,  a  double  sulphate  of  iridium-ammo¬ 
nium.  The  latter  was  preferred.  The  bath  was  kept 
saturated  with  metal  by  suspending  canvas  bags  in  the 
solution  (either  near  to  or  around  the  anodes)  containing 
the  hydroxide  of  iridium.” 

Directions  for  Preparing  the  Electro-Plating  Baths. 

For  the  alkaline  platinate  bath  the  following  directions 
may  suffice  : — 

Platinic  hydrate . 2  ozs. 

Caustic  potassa  (or  soda)  ..  ..  8  ozs. 

Distilled  water  .  1  gallon. 

Dissolve  one-half  of  the  caustic  potassa  in  a  quart  of 
distilled  water:  add  to  this  the  platinic  hydrate  in  small 
quantity  at  a  time,  facilitating  solution  by  stirring  with  a 
glass  rod.  When  solution  is  effeded,  stir  in  the  other 
half  of  alkali  dissolved  in  a  quart  of  water;  then  dilute 
with  enough  distilled  water  to  form  one  gallon  of  solu- 
tion.  To  hasten  solution,  the  caustic  alkali  may  be 
gently  heated,  but  this  is  not  necessary,  as  the  platinic 
hydrate  dissolves  very  freely.  This  solution  should  be 
worked  with  a  current  of  about  2  volts,  and  will  yield 
metal  of  an  almost  silvery  whiteness  upon  polished  sur¬ 
faces  of  copper  and  brass,  and  quite  freely.  There  should 
be  slight,  if  any,  perceptible  evolution  of  hydrogen  at  the 
cathode,  but  a  liberal  evolution  of  oxygen  at  the  anode. 

I  have  observed  that  the  addition  of  a  small  proportion  of 
acetic  acid  to  this  bath  improves  its  operation  where  a 
heavy  deposit  is  desired.  The  anode  may  be  of  platinum 
or  carbon,  and  owing  to  the  readiness  with  which  the  metal 
is  deposited  an  excess  of  anode  surface  is  to  be  avoided. 
Articles  of  steel,  nickel,  tin,  zinc,  or  german-silver  will 
be  coated  with  black  and  more  or  less  non-adherent 
platinum  ;  but  by  giving  obje&s  of  these  metals  a  pre¬ 
liminary  thin  eledtro-deposit  of  copper  in  the  hot  cyanide 
bath  they  may  be  eledtro-platinised  in  the  alkaline  pla¬ 
tinate  bath  equally  as  well  as  copper.  The  bath  may  be 
worked  hot  or  cold,  but  it  is  recommended  to  work  it  at 
a  temperature  not  exceeding  100°  F..  It  may  be  diluted 
to  one-half  the  strength  indicated  in  the  formula,  and 
still  yield  excellent  results.  The  surface  of  the  objects 
should  be  highly  polished  by  buffing,  or  otherwise,  prior 
to  their  introduction  in  the  bath,  if  the  resulting  deposit 
is  designed  to  be  brilliant. 

The  deposition  of  platinum  takes  place  promptly.  _  In 
five  minutes  a  sufficiently  heavy  coating  will  be  obtained 
for  most  purposes.  The  deposited  metal  is  so  soft,  how¬ 
ever,  that  it  requires  to  be  buffed  very  lightly.  A  heavier 
deposit  will  appear  grey  in  colour,  but  will  accept  the 
characteristic  lustre  of  platinum  beneath  the  burnisher. 

The  oxalate  solution  is  prepared  by  dissolving  1  ounce 
of  platinic  hydrate  in  4  ounces  of  oxalic  acid  and  diluting 
the  solution  to  the  volume  of  one  gallon  with  distilled 
water.  The  solution  should  be  kept  acidified  by  the 
occasional  addition  of  some  oxalic  acid.  The  simplest 
plan  of  using  this  bath,  and  which  requires  no  attention 
to  proportions,  is  simply  to  work  with  a  saturated  solu¬ 
tion  of  the  oxalate,  keeping  an  undissolved  excess  always 
present  at  the  bottom  of  the  vessel.  An  addition  of  a 
small  quantity  of  oxalic  acid  now  and  again  will  be  found 


advantageous.  The  double  salts  of  oxalic  acid  with 
platinum  and  the  alkalies  may  be  formed  by  saturating 
the  binoxalate  of  the  desired  alkali  with  platinic  hydrate 
and  maintaining  the  bath  in  normal  metallic  strength  by 
the  presence  of  an  undissolved  residuum  of  platinous 

The  double  oxalates  are  not  so  soluble  in  water  as  the 
simple  salt.  The  oxalate  baths,  both  of  single  and  double 
salts,  may  be  worked  cold  or  hot  (though  not  to  exceed 
150°  F.)  with  a  current  of  comparatively  low  pressure. 
The  metal  will  deposit  bright,  reguline,  and  adherent  on 
copper  and  brass.  Other  metallic  objects  must  receive  a 
preliminary  coppering  as  above.  The  deposited  metal  is 
dense,  with  a  steely  appearance,  and  can  be  obtained  of 

any  desired  thickness.  ...  , 

The  deposit  obtained  in  the  oxalate  baths  is  sensibly 
harder  than  that  from  the  alkaline  platinate  bath,  and 
will  bear  buffing  tolerably  well.  . 

The  phosphate  bath  may  be  prepared  by  the  following 

formula : — 

Phosphoric  acid,  syrupy  (sp.  gr.  17). .  8  ozs. 

Platinic  hydrate . 1  oz* 

Distilled  water  .  1  gallon. 

The  acid  should  be  moderately  diluted  with  distilled 
water  and  the  solution  of  the  hydrate  effected  at  the 
boiling  temperature.  Water  should  be  added  cautiously 
from  time  to  time  to  supply  that  lost  by  evaporation. 
When  solution  has  taken  place,  the  same  should  be 
diluted  with  sufficient  water  to  make  the  volume  one 
gallon.  The  solution  may  be  worked  cold  or  warm  to 
ioo°  F.,  and  with  a  current  much  stronger  than  that  re¬ 
quired  for  the  platinates  and  oxalates.  The  ammonio- 
(and  sodio-)  platinic  phosphates  may  be  formed  from  the 
simple  phosphate  by  carefully  neutralising  the  solution  of 
the  phosphate  with  ammonia  (or  soda)  ;  then  adding  an 
excess  of  phosphoric  acid,  or  enough  to  dissolve  the  pre¬ 
cipitate  formed,  and  an  additional  quantity  to  ensure  a 
moderate  amount  of  free  phosphoric  acid  in  the  bath. 
The  phosphate  baths  will  be  maintained  of  normal 
strength  by  additions  of  platinic  hydrate,  the  solutions  of 
which  will  have  to  be  assisted  by  heating  the  bath, 
preferably  at  the  close  of  each  day’s  work.  The  metal 
yielded  by  the  elearolysis  of  these  phosphate  solutions  is 
brilliant  and  adherent.  It  has  the  same  steely  appearance 
as  that  exhibited  by  the  oxalate  solutions,  but  to  a  less 
pronounced  degree.  The  physical  properties  of  the 
deposited  metal  are  in  other  respeCts  like  those  described 
in  connection  with  that  obtained  from  the  oxalate  baths. 


BLOWPIPE  TEST  FOR  MERCURY. 
By  T.  CHARLTON. 


^  Having  of  late  been  engaged  in  testing  a  number  of 
\  minerals  for  mercury  qualitatively,  I  had  occasion  to  em¬ 
ploy  the  method  recommended  by  Alexander  Johnstone, 
F.G.S.  (Chem.  News,  vol.  lxix.,  p.  221),  and  was  highly 
pleased  with  the  simplicity  and  delicacy  of  the  method. 
In  fad,  I  think  that  no  blowpipe  test  has  been  devised 
equal  to  it  for  value  for  many  years.  There  is,  however, 
one  small  drawback  to  the  method  as  given  by  Mr. 
Johnstone,  and  that  consists  in  the  likelihood  of  washing 
much  of  the  sublimate  formed  on  the  coolei  pait  of  the 
tube  down  on  the  addition  of  the  two  drops  of  nitric  acid 
and  the  one  drop  of  potassic  iodide,  prior  to  obtaining 
the  readion.  And  it  also  happens  at  times  that  the 
effervescence  caused  by  this  addition  of  acid  to  the  fusion 
mixture  (K2C03-f  Na2C0?)  is  so  violent  as  to  cause  loss 
of  the  sublimate  by  washing  it  down  the  tube  into  the 

acid  below.  . 

To  avoid  these  difficulties  I  have  devised  the  following 
modified  form  of  the  test,  which  I  can  thoroughly  recom¬ 
mend  : — 
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First  obtain  the  sublimate  either  by  heat  alone  or  by 
anhydrous  fusion  mixture,  as  recommended  by  Mr.  John¬ 
stone,  and  then,  instead  of  adding  nitric  acid  and  solu¬ 
tion  of  potassic  iodide,  simply  drop  into  the  tube  a  small 
grain  of  iodine  (not  an  iodide).  If  this  is  quickly  done 
the  tube  will  still  be  warm  enough  to  volatilise  the 
iodine.  If  the  tube  has  been  allowed  to  cool  before 
adding  the  iodine,  then  it  will  be  necessary  to  apply  a 
gentle  heat,  to  cause  the  iodine  to  volatilise.  As  soon  as 
the  iodine  comes  into  contact  with  the  sublimate  of  mer¬ 
cury  a  bright  scarlet  mass  is  formed  which  is  very 
characteristic  of  mercury. 

Rocky  Mountain  Smelting  Co., 

West  Cliff,  Colo.,  July  x,  1890. 


ELECTROLYSIS  OF  DIFFERENT  SUBSTANCES. 

By  P.  L.  ASLANOGLOU. 

x.  Water. — On  passing  a  current  of  electricity  from  six 
Fuller’s  mercury  bichromate  elements  through  ordinary 
London  tap-water  for  about  twelve  hours,  the  hydrogen 
pole  (platinum)  became  coated  with  a  white  residue, 
which,  from  time  to  time,  fell  to  the  bottom  of  the 
electrolysis  tube.  This  white  residue  having  been  ana¬ 
lysed,  it  was  fouud  to  be  calcium  carbonate,  which  is 
contained  in  small  quantities  in  ordinary  drinking  water. 

The  oxygen  pole  (platinum)  was  free  from  any  residue 
whatever. 

During  electrolysis  hydrogen  and  oxygen  were  given  off 
as  usual. 

2.  Magnesium  Carbonate  was  suspended  in  distilled 
water  and  C02  was  passed  through  the  solution,  and, 
after  filtering,  the  clear  solution  was  tested  formagnesium, 
which  it  contained  in  considerable  amount.  The  results 
obtained  were  the  following  : — 

Hydrogen  and  oxygen  given  off  as  usual. 

The  hydrogen  pole  became  coated  with  white  residue, 
which  fell  to  the  bottom  of  the  tube  as  in  the  previous 
experiment. 


To  form  H2C03,  and 
the  hydrogen  pole  in 
the  meantime  being 
ftee,  the  MgC03  ac¬ 
cumulates  on  it,  or 
the  hydrogen  is  ac¬ 
companied  by 
MgCOa. 


Six  Fuller’s  mercury 
bichromate  elements. 

The  oxygen  pole  was  free  from  any  solid  matter. 

Mg(HC03)2=Mg+H2  +  2C02  +  02. 

Mg  +  2H20  =  Mg(0H)2+H2,  which  escapes. 

Mg(0H)2+C02  =  MgC03+H20. 

3.  Silver  Chloride  dissolved  in  sodium  thiosulphate 
(Na2S203),  filtered,  and  electrolysed.  The  following 
results  obtained  : — 

Only  hydrogen  given  off,  and  a  thick  grey  precipitate, 
turning  at  once  to  black,  deposits  on  the  hydrogen  pole, 
which  shakes  off  to  the  bottom  of  the  tube.  The  smell 
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given  off  was  that  of  sulphuretted  hydrogen.  The  black 
precipitate  was  tested  and  found  to  be  very  fine  metallic 
silver. 


2Na2S203+2Cl 
=  l\aCl  + 
Na2S4Oe 


Sodium 

tetrathianate. 


4.  Lead  Sulphate  dissolved  in  a  solution  of  tartaric  acid, 
neutralised  by  ammonia  (ammonia  tartrate),  and  filtered. 

Hydrogen  and  oxygen  were  given  off. 

The  hydrogen  pole  was  coated  with  black  residue, 
which  smelt  of  ammonia,  while  the  oxygen  pole  was 
coloured  a  golden  yellow,  and  in  the  course  of  a  few 
hours  the  solution  was  of  the  same  colour,  but  gradually 
became  darker. 

5.  Barium  Carbonate  and  Strontium  Carbonate  were 
suspended  in  distilled  water,  and  C02  was  passed  through 
the  solution  and  filtered. 

Hydrogen  and  oxygen  were  given  off,  whilst  a  fine 
white  precipitate  coated  the  hydrogen  pole  and  fell  off  to 
the  bottom  of  the  tube. 

6.  Zinc  Carbonate  was  suspended  in  distilled  water, 
and,  after  passing  C02  through  it,  was  filtered. 

Hydrogen  and  oxygen  were  given  off  with  effervescence 
and  bubbles  of  the  two  gases  collected  on  the  surface  of 
the  liquid. 

The  hydrogen  pole  was  coated  with  a  greyish  black 
residue  of  zinc  carbonate.  The  liquid  became  turbid, 
and  a  gelatinous  precipitate  floated  on  the  surface,  and 
by  shaking  the  tube  the  precipitate  fell  to  the  bottom. 

7.  A  mixture  of  Ferrous  Sulphate  and  Carbonate  of 
Soda  was  placed  in  a  flask,  which  was  then  filled  with 


First  greenish  blue, 
changing  to  greyish  white 
and  then  red  oxide. 


'I 


-As  clear  as  possible. 

I 


Turbid,  with  red  ppt. 
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distilled  warm  water  and  C02  was  passed  through  for 
half  an  hour.  It  was  left  to  settle  and  the  liquid  was 
poured,  leaving  the  precipitate  at  the  bottom  of  the  flask, 
and  fresh  hot  distilled  water  was  poured  over  it,  and  C02 
was  then  passed  for  half  an  hour;  this  process  was  re¬ 
peated  six  times,  during  which  time  C02  was  passing 
through  the  flask  so  as  to  prevent  the  iron  from  oxidising. 
The  last  time  it  was  left  to  settle  for  a  few  hours,  and 
was  then  poured  as  quickly  as  possible  through  a  filter, 
the  clear  liquid  running  into  the  eledtrolysis  tube.  The 
ferrous  sulphate  was  thus  converted  into  ferrous  car¬ 
bonate  by  carbonate  of  soda,  and  part  of  it  was  dissolved 
by  passing  C02  through.  The  liquid  in  the  eledtrolysis 
tube  was  quite  clear,  free  from  signs  of  oxidation,  &c. 
When  it  was  subjedted  to  a  continuous  current  hydrogen 
and  oxygen  were  given  off.  Both  platinum  poles  were 
free  from  any  residue  from  the  beginning  to  the  end  of 
the  experiment.  The  result  is  shown  by  the  above 
diagram. 

University  College,  London, 

Gower  Street,  W.C. 


UPON  THE  CARBOHYDRATES  OF  PEACH 
GUM  * 

By  W.  E.  STONE. 

A  certain  class  of  vegetable  produdts,  known  as  “  gums,” 
or  “mucous,”  or  mucilage,  yield,  as  the  result  of  hydro¬ 
lytic  adtion,  glucose-like  bodies.  These,  whenever  care¬ 
fully  studied,  have,  almost  without  exception,  been 
identified  as  either  galactose  or  arabinose.  When  heated 
with  a  dilute  solution  of  sulphuric  acid,  gum  arabic  yields 
sometimes  galadtose  and  sometimes  arabinose, f  although 
it  is  not  quite  clear  whether  this  is  a  specific  character¬ 
istic  of  a  distinct  gum,  or  whether  there  may  not  be  gums 
of  different  origins  sold  under  the  one  name.  The  gum 
exuding  from  the  bark  of  the  cherry  tree  produces,  by 
hydrolytic  adtion,  arabinose. \  Tragacanth  gum  yields  the 
same  product.  §  The  mucilage  occurring  in  the  seed-coats 
of  linseed,  quince  seeds,  &c.,  yields  also  glucoses,  which, 
however,  have  not  been  satisfactorily  isolated  or  identified. 
A  gum-like  substance  which  can  be  extracted  from 
lignified  tissues,  by  alkalies  yields,  by  hydrolysis,  xylose. \\ 
A  gum  exudes  from  the  bark  of  the  peach  tree  ( Persica 
vulgaris)  following  injury,  or  from  the  fruit  of  the  same 
when  punctured  by  insects,  which,  with  one  exception, 
has  not  been  studied.  The  wild  peach  tree,  escaped  from 
cultivation  in  the  middle  southern  United  States,  pro¬ 
duces  this  gum  in  considerable  quantities,  and  from  this 
source  I  obtained  200 — 300  grms.,  in  air-dried  weight,  of 
gum  as  collected  from  the  bark,  and  a  somewhat  less 
quantity  from  the  fruit.  The  former  was  of  a  dark  brown 
colour  and  contained  many  impurities,  such  as  bits  of 
bark,  leaves,  &c. ;  that  from  the  fruit  exuded  in  clear 
drops,  which  soon  hardened  on  exposure  to  the  air  to 
transparent  or  semi-opaque  tears,  and  was,  of  course,  of 
a  higher  grade  of  purity  than  that  from  the  bark. 

This  gum  was  soluble  in  water,  by  which  it  first  be¬ 
came  swollen  to  a  marked  degree,  and  in  solution  showed 
a  slightly  acid  readtion,  and  a  distinct,  although  not 
strong,  lmvo-rotation. 

After  my  investigation  had  been  in  progress  some  time 
I  learned  of  R.  W.  Bauer’s  results  o  btained  from  peach 
gum  which  was  probably  of  European  origin.  By  treating 
the  same  with  a  dilute  solution  of  sulphuric  acid  he 
secured  a  crystalline  sugar-like  substance  which  possessed 
the  specific  rotation  (a)D  =  76’02°,  and  which  he  regarded 


*  Contribution  from  the  Laboratory  of  Purdue  University, 
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as  identical  with  galadtose,  although  lack  of  material  had 
evidently  prevented  confirmatory  tests.  From  this  he 
concluded  that  the  peach  gum  contained  the  carbohydrate 
from  which  galadtose  is  derived  by  hydrolysis.  A 
preliminary  examination  of  the  gum  in  my  possession 
indicated,  however,  that  it  also  contained  the  substance 
from  which  arabinose  is  derived,  as  well  as  that  mentioned 
by  Bauer,  and  this  was  confirmed  by  further  investiga¬ 
tion. 

The  two  portions  of  gum  were  examined  separately, 
although  all  stages  of  the  examination  showed  them  to  be 
of  pradtically  the  same  nature.  As  preliminary  to  a  close 
study,  portions  of  both  gums  were  subjedted  to  the  furfurol 
test  for  the  presence  of  an  arabinose  -  producing  sub¬ 
stance,* * * §  and  to  the  mucic  acid  test  for  a  similar  source  of 
galadtose. f 

By  distillation  at  125 — 130°  C.  with  sulphuric  acid  kept 
at  a  constant  density  of  1-254,  concentration  of  the  dis¬ 
tillate,  and  precipitation  with  dilute  ammonia,  the  fol¬ 
lowing  data  were  obtained: — 

Gum  from  Bark. — 2'5  grms,  yielded  o’iiSi  grm.  of 
furfuramide,  or  472  per  cent. 

Gum  from  Fruit. — 2-5  grms.  yielded  0,I2I4  grm.  of 
furfuramide,  or  4-84  per  cent. 

By  oxidation  with  nitric  acid  of  1*15  specific  gravity, 
mucic  acid  was  produced  a3  follows  : — 

Gum  from  Bark. — 5  grms.  yielded  o-6i8  grm.  of  mucic 
acid,  or  12-36  per  cent. 

Gum  from  Fruit. — 2-5  grms.  yielded  0^423  grm.  of 
mucic  acid,  or  i6-g2  per  cent. 

These  results  indicated  the  presence  in  the  gum  of 
those  substances  which  yield  arabinose  and  galactose 
upon  hydrolysis,  and  the  course  of  the  investigation  was 
directed  towards  isolating  and  identifying  the  same,  no 
grms,  of  the  gum  from  the  bark  of  the  peach  tree  were 
dissolved  in  880  c.c.  of  dilute  sulphuric  acid  of  1-03 
specific  gravity,  and  the  solution  heated  on  the  water- 
bath  for  ten  hours.  At  the  end  of  this  time,  the  liquid  was 
of  a  dark  amber  colour,  much  humin-like  substance  had 
been  separated,  and  the  vapours  gave  an  intense  red 
colour  upon  paper  moistened  with  aniline  acetate,  indi¬ 
cating  the  formation  of  furfurol.  The  liquid  was 
neutralised  with  barium  carbonate,  filtered,  and 
evaporated,  yielding  a  thick  dark-coloured  syrup  which 
reduced  Fehling’s  solution  strongly.  In  the  same  way, 
50  grms.  of  the  gum  from  the  peach  fruit  were  dissolved 
in  400  c.c.  of  dilute  sulphuric  acid  of  1-03  specific  gravity, 
and  heated  during  nine  hours,  with  the  same  results  as 
in  the  previous  case. 

The  dark-coloured  impure  syrups  thus  obtained  were 
boiled  with  strong  alcohol  for  about  an  hour,  whereby  a 
dark  gummy  substance  was  precipitated.  From  this  the 
clear  alcoholic  solution  was  decanted  and  again  evapora¬ 
ted,  after  which  crystallisation  soon  followed.  In  this 
way  21 3  grms.  of  a  white  crystalline  produdt  were  ob¬ 
tained  from  the  bark  gum,  or  nearly  20  per  cent  of  the 
material  taken.  From  the  fruit  gum  a  proportionally 
smaller  quantity  was  obtained.  Both  produdts  were 
sweet,  and  reduced  Fehling’s  solution  strongly.  After  re¬ 
crystallisation,  the  specific  rotations  of  each  were  deter¬ 
mined  as  follows : — 

From  Bark  Gum. — 3  grms.  in  a  solution  of  30  c.c. 
showed  an  average  dextro  -  rotation  of  ig-160,  or 

(a)D  =  g8-4°. 

From  Fruit  Gum. — 3  grms.  in  a  solution  of  30  c.c. 
showed  an  average  dextro  -  rotation  of  ig-04°,  or 

(“)d  =  95,2°. 

These  numbers  indicated  the  identity  of  the  two  pro¬ 
dudts,  but  did  not  correspond  to  the  specific  rotations  of 
I  any  of  the  known  glucoses  or  sugar-like  bodies,  although 
that  of  the  produdt  from  bark  gum  approximated  the 
specific  rotation  of  arabinose.  They  differed  also 
decidedly  from  Bauer’s  result  [(a)D  =  76-02°].  A  mixture 


*  Stone  and  Tokens,  Ann.  Chem.  (Liebig),  ccxlix,,  227, 
I  Kent  and  Tokens,  Ibid,,  ccxxvii.,  228; 
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of  two  substances  like  arabinose  and  galaCtose,  however, 
would  give  a  polarising  number  like  that  obtained. 
Moreover,  the  preliminary  tests  for  mucic  acid  and 
furfurol  had  indicated  the  formation  of  both  of  these 
compounds.  The  next  step  therefore  was  an  attempt  to 
separate  these  products  by  means  of  fractional  crystallisa¬ 
tion  into  their  constituents.  By  crystallisation  from 
absolute  alcohol  each  of  the  two  original  products  was 
separated  into  several  portions,  the  specific  rotations  of 
which  showed  a  curious  relation  to  that  of  the  original 
substance. 

From  the  sugar  from  bark  gum,  which  showed  the 
specific  rotation  of  98-4,  five  fractions  were  obtained, 
which,  in  the  order  of  their  separation,  showed  the 
following  polarising  numbers  : — 

I-  («)d  =  97\5  IV.  (a)D  =  94,3 

II-  )»  =  73'5  V.  ,,  =963 

III.  „  =93-0 

The  sugar  from  fruit  gum,  which  had  the  specific 
rotation  95-2,  was  separated  into  two  portions,  which  gave 
the  following  polarising  numbers  : — 

I-  («)d  =  75'o  II.  («)d  =  94'8 

In  both  cases  it  is  to  be  noted  that  a  fraction  was 
separated  with  a  much  lower  specific  rotation  than  the 
original  without  increasing  the  specific  rotation  of  the 
other  fractions.  These  fractions  ultimately  included  all 
of  the  mother-liquor  ;  hence  it  may  not  be  assumed  that 
a  higher  polarising  sugar  remained  in  solution.  In  the 
sugar  from  fruit-gum  it  is  certainly  remarkable  that  the 
original  portion  polarising  95-2°  should  have  been  resolved 
into  one  polarising  75-0°  and  another  polarising  at  94-8°, 
which  latter  number  is  practically  the  same  as  the 
original.  There  was  no  marked  disproportion  in  the 
quantity  of  the  fractions.  The  separations  were  made 
from  alcohol  at  the  ordinary  laboratory  temperature, 
which  conditions  could  scarcely  affeCt  or  change  the 
specific  rotations  of  the  bodies  in  solution. 

Of  the  fractions  from  the  sugar  from  bark-gum, 
numbers  I.,  II.,  and  III.,  while  not  agreeing  exactly  with 
the  polarisation  constants  for  arabinose  and  galaCtose, 
still  approached  them.  They  were  therefore  re-crystallised 
and  gave  respectively  the  following  numbers  : — 

I. a,  (a)D  =  98,S° 

II.  a,  ,,  =  82-09° 

IlI.rt,  ,,  =  98-9° 

In  like  manner  also  the  fractions  from  the  sugar  of  the 
fruit  gum  were  re-crystallised.  I.  was  unfortunately  lost 
by  an  accident,  but  its  specific  rotation,  as  already  ob¬ 
served  (75'0°),  leaves  little  doubt  that  it  would  also  have 
given  a  result  similar  to  that  of  II.  of  the  bark-gum 
product.  II.  showed  after  re-crystallisation  the  specific 
rotation  ioi-6°. 

Nos.  I. a  and  IH.n  of  the  product  from  the  bark-gum 
were  again  re-crystallised  and  yielded  a  product  with  the 
specific  rotation  (<2)0=102-3°.  As  results,  therefore,  of 
these  repeated  and  tedious  fractional  separations,  there 
were  obtained,  from  the  bark-gum,  two  products  ;  one 
with  the  specific  rotation  102-3°,  which  approximated 
very  closely  that  of  arabinose  (104°),  and  a  second  with 
the  specific  rotation  82-09°,  which  is  practically  that  of 
galaCtose.  From  the  fruit-gum  also  we  obtained  two 
products  which  were  undoubtedly  identical  with  those 
from  the  bark-gum,  and  which,  according  to  their  specific 
rotations,  were  also  respectively  arabinose  and  galaCtose. 

These  comparatively  pure  products  were  now  subjected 
to  some  confirmatory  tests  in  order  to  leave  no  doubt  as 
to  their  nature. 

Arabinose  being  a  pentaglucose,  C5H1005,  has,  in 
common  with  xylose,  the  only  other  known  member  of 
the  class,  the  characteristic  reaction  of  producing  furfurol 
in  large  quantities  when  distilled  with  sulphuric  acid.* 
Xylose,  however,  has  the  specific  rotation  (ct)D  =  18°— 19°, f 
•  Loo.  oit. 

f  Wheeler  and  Tollens,  Ber,  de  Chem.  Gesell.,  xxii.,  1046, 


and  was  therefore  quite  out  of  the  question  in  connection 
with  the  body  already  described  with  the  specific  rotation 
I02'3°.  0-9246  grm.  of  the  latter  was  distilled  with  sul¬ 

phuric  acid  of  1-254  SP-  gr-  (the  loss  by  distillation  being 
replaced  by  a  regular  constant  addition  of  water  to  the 
distilling  flask),  until  the  distillate  no  longer  gave  a  dis¬ 
tinct  colouration  on  paper  moistened  with  aniline  acetate. 
The  distillate  being  then  concentrated  by  fractional  dis¬ 
tillation  and  treated  with  dilute  ammonia  gave  a  precipi¬ 
tate  of  furfuramide,  which,  on  being  dried,  weighed 
0-1843  grm.,  or  19-93  Per  cent  °f  the  weight  of  sugar 
taken.  This  result,  taken  with  the  specific  rotation, 
leaves  no  doubt  as  to  the  identity  of  this  product  with 
arabinose.  From  a  very  small  quantity  a  phenylhydrazine 
compound  was  prepared,  which  was,  however,  insufficient 
for  re-crystallisation,  and,  in  the  impure  state,  showed 
the  melting-point  of  145°. 

A  well-known  specific  reaction  for  galaCtose  is  the 
formation  of  mucic  acid  when  subjected  to  the  action  of 
nitric  acid.  The  other  portion  of  sugar  from  bark-gum, 
polarising  at  82-09°,  was  heated  on  a  water-bath  with 
nitric  acid  of  1-15  sp.  gr.  0-5025  grm.  received  20  c.c.  of 
nitric  acid,  and  the  whole  was  heated  until  two-thirds  of 
the  original  volume  was  evaporated.  0-288  grm.  of  mucic 
acid  was  thus  produced,  or  57-3  per  cent  of  the  weight  of 
sugar  taken.  A  phenylhydrazine  compound  was  also 
formed  which  melted  at  1540.  These  reactions,  coupled 
with  the  specific  rotation,  identifies  the  second  product  as 
galaCtose. 

The  gummy  substance  secreted  from  the  tissues  of  the 
peach  tree,  as  above  described,  contains,  therefore,  those 
bodies  which,  by  hydrolysis,  yield  arabinose  and  galaCtose. 
The  occurrence  of  these  bodies  together  under  these  cir¬ 
cumstances  is  the  more  noteworthy  from  the  faCt  that 
arabinose  and  galaCtose  represent  two  distinct  classes 
of  carbohydrates,  the  true  glucoses  and  the  pentaglucoses, 
and  are  not  usually  found  in  such  intimate  connection 
with  each  other.  The  gum  arabic  is,  I  believe,  the  only 
other  instance  where  such  occurrence  has  been  recog¬ 
nised,  and  in  no  previous  case  has  the  isolation  and  recog¬ 
nition  of  both  these  carbohydrates  from  a  single  homo¬ 
geneous  substance  been  accomplished. —  American 
Chemical  Journal ,  xii.,  No.  6. 


ON  A  PHYSIOLOGICAL  ACTION  OF  THE 
THALLIUM  SALTS. 

By  Dr.  J.  BLAKE. 

In  a  memoir  presented  to  the  Academy  in  1887  ( Comptes 
Rendus,  cv.,  p.  1250)  the  author  has  demonstrated  that  on 
injecting  the  eleCtro-positive  elements  into  the  circulation 
the  number  of  the  nerve  centres  upon  which  they  react 
increases  as  does  the  atomicity  of  the  elements. 

In  a  communication  recently  made  to  the  Academy  by 
M.  Rydberg  it  is  demonstrated  that  the  molecules  of  the 
eleCtro-positive  elements  are  the  seat  of  one  or  of  several 
systems  of  harmonic  vibrations,  which,  in  the  mono¬ 
valent  elements,  are  confined  to  a  single  system,  but 
which,  in  the  elements  with  stronger  valencies,  may  be 
extended  to  two  or  even  to  more  systems  of  harmonic 
vibrations  in  the  same  mol.  This  is  a  very  important 
iaCt  for  biological  reactions.  The  author  has  already 
published  experiments  demonstrating  the  great  difference 
presented  by  the  biological  action  of  the  salts  of  the  same 
element  when  the  valence  of  the  mol.  is  increased,  but  as 
M.  Rydberg’s  observations  enable  us  to  consider  the 
question  from  a  novel  point  of  view,  he  recites  the  most 
important  phenomena  presented  on  injecting  thallous  or 
thallic  salts  into  the  blood. 

Here  we  have  two  classes  of  salts  of  one  and  the  same 
element.  In  the  one  class,  the  thallous  salts,  the  mol.  is 
found  with  a  single  system  of  molecular  vibrations, 
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whilst  in  the  thallic  salts  the  mol.  is  the  seat  of  several 
systems  of  harmonious  vibrations.  He  merely  repro¬ 
duces  here  the  most  important  fads  presented  by  these 
experiments.  He  injeded  into  the  jugularvein  of  a  rabbit 
o'ogo  (grm.  ?)  of  thallous  sulphate.  The  result  was  an 
arrest  of  the  passage  of  the  blood  through  the  lungs  by 
the  adion  of  the  thallous  salt  upon  the  pulmonary  ganglia. 
After  a  few  seconds  the  right  side  of  the  heart  overcomes 
the  obstrudion,  and  the  salt  circulates  through  the  entire 
body  without  giving  rise  to  any  symptom.  The  animal 
appears  to  be  in  a  normal  state.  A  second  injedion  of 
the  same  quantity  arrests  the  pulmonary  circulation  and 
the  animal  dies.  The  right  side  of  the  heart  is  found 
engorged  with  venous  blood,  and  a  few  drops  of  arterial 
blood  in  the  left  cavities.  By  venous  injedion  the  salt 
only  comes  in  contad  with  the  most  important  nerve 
centres  in  a  state  of  great  dilution.  To  examine  itsadion 
upon  these  centres  it  must  be  injeded  into  the  aorta.  It 
was  accoidingly  injeded  into  the  right  carotid  artery  of  a 
rabbit,  the  point  of  the  syringe  being  direded  towards 
the  heart.  There  was  injeded  0-040  of  thallous  sulphate, 
then,  at  different  intervals,  o-o8o,  0-200,  0-280,  0-350, 
without  any  apparent  readion  on  the  nerve  centres. 
There  was  then  injeded  0-770,  and  only  then  the  salt 
came  into  coniad  with  the  pulmonary  ganglia  in  a  state 
sufficiently  concentrated  to  arrest  the  passage  of  the 
blood  through  the  lungs.  Ten  times  as  much  of  the  salt 
was  required  to  cause  death  by  arterial  injedion  as  by 
venous  injedion.  It  seems  that  the  reagent  with  a  single 
system  of  vibrations  did  not  meet  in  the  most  important 
nerve  centres  any  system  of  vibrations  which  its  own 
vibrations  might  either  strengthen  or  enfeeble.  It  is  only 
in  the  pulmonary  ganglia  that  it  finds  vibrations  with 
which  those  of  the  thallous  salts  are  in  relation,  and  the 
case  is  the  same  with  all  the  mono-valent  elements. 

With  the  thallic  salts  the  phenomena  are  very  different. 
Here  we  make  use  of  a  salt  the  molecular  weight  and 
volume  of  which  are  much  higher,  and  where  the  mol.  is 
the  seat  of  several  systems  of  vibrations.  We  injed  0-007 
of  thallic  nitrate  into  the  jugular  vein  of  a  rabbit.  After 
thirty  seconds  there  was  want  of  power  in  the  limbs,  the 
respiration  slackened,  and  the  animal  is  stupefied.  After 
another  injedion  of  0-007  the  animal  falls  upon  its  side 
and  struggles.  Four  minutes  after  the  injedion  the 
respiration  ceases.  The  right  cavities  of  the  heart  were 
found  engorged  and  the  left  empty  (pulmonary  obstruc¬ 
tion)  ;  the  ventricles  still  contrad  twenty-three  minutes 
after  the  auricles  are  arrested  (adion  upon  the  cardiac 
ganglia). 

In  this  experiment  the  same  adion  was  observed  upon 
the  pulmonary  ganglia  as  with  the  thallous  salts,  but 
when  the  salt  had  traversed  the  lungs  and  circulated  in 
the  whole  body  other  nerve  centres  were  found  to  be 
affeded  by  the  salt,  even  in  its  greatly  diluted  state 
(twelve  times  more  diluted  than  the  thallous  salts),  but 
these  readions  upon  the  other  nerve-centres  show  them¬ 
selves  more  plainly  in  arterial  injedion.  We  injed  0-007 
thallic  nitrate  into  the  aorta  of  a  rabbit  ;  after  thirty 
seconds  there  was  an  increase  of  arterial  tension  from 
100 — 180  m.m.  (vasomotor  centre) ;  respiration  slackened  ; 
after  one  minute,  arterial  tension  from  170 — 190  m.m. 
with  great  oscillations ;  two  minutes  after  injedion 
respiration  ceased  without  convulsions  (dired  adion  upon 
the  respiratory  centre).  After  death  the  contradions  of 
the  heart  continue,  and  the  arterial  tension  undergoes 
variation,  as  during  life  ;  three  minutes  after  respiration 
has  ceased  the  arterial  tension  increases  from  40  m.m. 
to  100  m.m.,  and  the  same  phenomenon  was  repeated 
three  times  before  the  heart  stopped  (adion  upon  the 
vasomotor  centre) ;  the  contradions  of  the  heart  continue 
for  more  than  an  hour  after  death  ;  the  ventricles  and  the 
amides  with  a  quite  different  rhythm  (131  and  134) 
(adion  upon  the  cardiac  ganglia)  the  lungs  were  hepa- 
tised  (adion  upon  the  pulmonary  ganglia).  The  contrast 
between  the  biological  adion  of  the  two  classes  of  salts 
C»f  a  single  element  could  not  be  more  striking.  With  the  I 
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thallous  salts  having  only  one  system  of  molecular 
vibration  there  is  only  a  single  nerve  system  in  which  the 
adion  is  shown  ;  whilst  with  the  thallic  salts  with  mols. 
having  several  systems  of  vibrations  there  is  not  a  single 
nerve-centre  which  does  not  experience  their  adion,  even 
when  present  in  the  blood  in  quantities  less  by  200  times 
than  the  thallous  salts.  The  author  believes  that  the 
spedroscope  will  play  as  important  a  part  in  physiological 
research  as  it  does  in  chemistry, — Comptes  Rendus,  cxi., 
P-  57- 


CHEMISTRY  AND  MINERALOGY.* 

By  Professor  E.  H.  RENNIE,  M.A.,  D.Sc.,  University  of  Adelaide. 

In  assuming  the  presidency  of  Section  B  of  the  Austral¬ 
asian  Association  for  the  Advancement  of  Science,  it  is 
my  first  duty  to  thank  those  who  have  done  me  the 
honour  to  eled  me  to  the  office,  and  to  say  that  it  wil} 
be  my  earnest  desire  to  deserve  the  distindion  by  doing 
all  in  my  power  to  forward  the  interest  of  the  sciences 
which  this  sedion  represents.  While  thoroughly  appre¬ 
ciating  the  honour  conferred  upon  me,  I  feel  also  a  grave 
sense  of  responsibility — a  responsibility  to  say  something 
which  may  help  to  further  the  interests,  not  only  of 
this  sedion,  but  also  of  the  Association,  and,  therefore, 
of  Australasia. 

The  benefits  to  be  derived  from  a  meeting  of  this  kind 
are  doubtless,  in  a  large  measure,  those  which  arise  from 
conversation  and  social  intercourse  between  men  of  like 
pursuits,  and,  in  fad,  we  are  often  twitted  with  the  pre¬ 
ponderance  of  the  social  element.  It  will,  however,  be  a 
great  pity  if  those  portions  of  the  proceedings  devoted  to 
pleasure  and  relaxation  are  allowed  to  entirely  eclipse 
the  scientific  objeds  of  the  gathering — if,  in  fad,  by 
means  of  papers  and  discussions,  we  do  not  get  some 
stimulus  to  more  earnest  work  in  the  future. 

In  common  with  many  others  occupying  somewhat 
similar  positions,  I  have  felt  considerable  difficulty  in 
choosing  a  subjed  on  which  to  address  you.  It  has  been 
customary  in  past  years  in  the  British  Association  for 
sedional  presidents  to  give  a  general  resume  of  the  more 
important  researches  and  discoveries  of  the  year  im¬ 
mediately  preceding;  but,  latterly,  men  in  such  positions 
have  found  themselves  obliged  by  the  ever-increasing 
rapidity  of  scientificdiscovery,  andtheconsequentmassing 
together  of  material,  either  to  choose  some  educational 
theme,  or  to  discourse  on  those  aspeds  of  the  science  to 
which  they  have  themselves  devoted  special  attention. 

It  will,  I  think,  be  granted  that  to  the  members  of  our 
Association  any  aspeds  or  results  of  our  science  which 
have  special  reference  to  Australasia  should  be  of  peculiar 
interest,  and  I  propose,  therefore,  to-day,  in  the  course 
of  a  very  brief  address,  first  to  inquire  into  some  of  the 
more  important  results  which  have  been  obtained  by  ex¬ 
amination  of  Australasian  produds,  and  then  shortly  to 
touch  upon  some  of  those  great  chemical  questions  which 
are  being  more  and  more  forced  upon  our  notice  by  the 
far-reaching  generalisations  to  which  they  point. 

There  are,  of  course,  two  lines  on  which  an  inquiry  as 
regards  Australasian  produds  might  proceed,  viz.,  the 
purely  utilitarian  and  the  purely  scientific.  If,  in  this 
address,  preference  is  given  to  the  latter,  it  is  not  from 
any  desire  to  undervalue  the  former,  but  partly  because 
I  have  elsewhere  given  prominence  to  the  importance  of 
the  application  of  science  to  pradice,  and  because,  as  I 
believe,  the  greatest  discoveries  in  chemical  science  in 
recent  years,  which  have  also  been  of  great  pradical  im¬ 
portance,  have  not  been  the  result  of  accident,  but  the 
outcome  of  long  and  patient  investigation  in  realms  of 
work  at  one  time  most  unpromising  as  regards  useful  issues 

and,  moreover,  because  one  objed  of  this  Association,  as 
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I  understand  it,  is  the  prosecution  of  scientific  knowledge 
for  its  own  sake,  quite  irrespective  of  the  question  whether 
it  will  immediately  yield  payable  results  or  not.  The 
perpetual  cry,  “  Cui  bono  ?  ”  which  would  never  be  uttered 
f  those  who  make  use  of  it  had  any  real  idea  of  the 
history  of  the  discoveries  of  the  past,  is  most  discourag¬ 
ing  to  those  of  us  who  are  endeavouring  to  prosecute 
scientific  work  in  these  colonies,  where  it  is  exceedingly 
.difficult  to  rouse  interest  in  anything  which  does  not 
immediately  lead  to  material  profit  in  one  shape  or 
another.  May  I  not,  in  this  connection,  take  the  oppor¬ 
tunity  of  urging  upon  all  scientific  teachers  to  use  every 
endeavour  to  impress  upon  their  students  the  historical 
developments  of  such  discoveries  as  I  have  referred  to  ? 

Entering  now  upon  the  consideration  of  the  chemistry 
of  plant  products,  I  am  sure  you  will,  in  the  first  place, 
join  with  me  in  paying  a  hearty  tribute  of  praise  to  the 
very  valuable  preliminary  work  which  has  been  accom¬ 
plished  in  the  region  of  plant  chemistry  by  our  President 
and  his  collaborateurs,  and  to  that  more  recent  and  most 
valuable  bibliography  of  the  subject  contained  in  the 
‘  Useful  Native  Plants  of  Australia,”  lately  compiled  by 
Mr.  Maiden,  curator  of  the  Technological  Museum  of 
New  South  Wales. 

Among  the  more  important  products,  those  obtained 
from  the  “  everlasting  gum-tree  ”  first  claim  our  attention. 
In  a  remarkable  series  of  researches  carried  out  in  the  la¬ 
boratory  of  the  University  of  Bonn,  Wallach  has  succeeded 
in  reducing  to  something  like  order  and  system  the  con¬ 
fusion  which  has  hitherto  existed  in  our  knowledge  of 
that  class  of  hydrocarbons  known  as  the  terpenes,  and  has 
revealed  some  most  interesting  faCts  about  the  lelation- 
ships  of  these  substances  to  one  another,  especially  with 
reference  to  their  optical  properties.  He  has  shown  that 
some  of  these  substances  exist  in  what  may  be  termed 
pairs,  one  of  each  pair  dextro-rotatory,  the  other  laevo- 
rotatory,  in  its  effeCt  on  polarised  light.  Thus  he  has 
found  two  pinenes,  two  phellandrenes,  and  two  limonenes, 
the  only  difference  between  the  two  members  of  each 
pair  being  the  efieCt  on  polarised  light  just  referred  to  ; 
but  each  set  of  two  is  characterised  by  the  formation  of 
derivatives  distinct  from  those  of  any  other  two,  and  also 
from  those  of  other  hydrocarbons  belonging  to  the  terpene 
group.  In  the  case  of  the  two  limonenes,  however,  there 
is  a  special  and  most  peculiar  characteristic.  When 
simply  mixed  in  equal  proportions  these  two  hydrocarbons 
unite  direCtly  to  form  another  hydrocarbon,  called 
dipentene,  which  is  very  different  from  either  of  the 
originals.  This  reminds  one,  of  course,  of  the  relation¬ 
ships  between  dextro-  and  laevo-tartaric  and  racemic  acids. 
There  is,  however,  this  distinction,  that  dipentene  differs 
much  more  widely  from  the  limonenes  than  does  racemic 
acid  from  the  tartaric  acids,  and,  moreover,  there  seems 
to  be  at  present  no  known  means  of  regenerating  the 
original  hydrocarbons  from  the  product.  My  object  in 
referring  to  these  researches,  however,  is  to  point  out  that 
the  oil  of  Eucalyptus  amygdalina  has  supplied  one  of  the 
missing  links  in  the  chain  of  discovery,  Wallach  having 
found  that  it  contains  laevo-rotatory  phellandrene  (this  is 
at  present  the  only  source  of  this  hydrocarbon),  the 
dextro-rotatory  variety  occurring  in  the  oil  of  Phellan- 
drium  aquaticutn ,  and  also  in  the  oil  of  the  bitter  fennel 
in  the  south  of  France.  The  oil  of  Eucalyptus  globulus, 
on  the  other  hand,  contains  no  phellandrene,  but  dextro¬ 
rotatory  pinene,  the  two  varieties  of  which  are  found  in 
turpentines  from  different  sources.  The  common  con¬ 
stituent  of  both  these  oils  is  an  oxygen-containing  liquid 
called  cineol,  of  formula  Ci0Hj8O,  and  boiling-point  about 
176°  C.,  which  is  the  chief  constituent  of  oil  of  wormseed, 
oil  of  cajeput,  and  is  also  found  in  oil  of  rosemary  and 
other  essential  oils.  This  substance  is  identical  with  the 
so-called  “  Eucalyptol,”  about  the  presence  or  absence  of 
which  in  oils  produced  by  different  firms  there  has,  I 
understand,  been  a  good  deal  of  dispute.  Wallach  himself 
had  at  first  some  difficulty  in  isolating  this  substance 
from  the  oil  of  one  of  these  ( Eucalyptus  amygdalina),  ap- 
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parently  owing  to  the  presence  of  some  disturbing  im¬ 
purity.  The  I aCt  that  it  appears  to  be  more  easily  isolated 
from  the  oil  of  one  variety  than  from  that  of  the  other 
may  probably  have  caused  the  dispute  referred  to  ;  at  any 
rate  there  can  be  no  doubt  whatever  of  its  presence  in 
considerable  quantities  in  the  oils  from  both  the  varieties 
of  eucalyptus  I  have  named,  and  probably  it  exists  in  the 
oils  from  other  species  also.  It  is  a  very  interesting  fa<5t, 
however,  that  there  should  be  a  considerable  difference 
between  the  constituents  of  the  oils  from  these  two  trees, 
and  there  are  indications  of  still  wider  differences  between 
the  oils  from  other  species.  The  oil  from  Eucalyptus 
Staigeriana,  for  example,  according  to  a  report  by  Messrs. 
Schimmel  and  Co.,  of  Dresden,  contains  an  oxygenated 
substance  (a  ketone,  CioHieO  ?)  which  imparts  to  it  its 
pleasant  lemon-like  odour,  and  several  other  species  of 
eucalyptus  yield  oils  of  a  similar  odour,  probably  due  to 
the  presence  of  similar  substances.  References  to  these 
will  be  found  in  Mr.  Maiden’s  book,  to  which  I  have 
already  referred.  It  is  obvious  that  there  is  still  abundant 
room  for  investigation  in  the  direction  indicated,  an  in¬ 
vestigation  too  which  has  the  additional  merit  of  possibly 
leading  to  important  practical  results,  some  of  the  sub- 
stancesobtained  havingbeen  highly  spokenofas  perfumes, 
while  some,  we  know,  possess  considerable  disinfecting 
power. 

There  are  many  other  Australasian  plants,  besides  the 
eucalyptus,  the  leaves  of  which  yield  essential  oils,  but 
scarcely  any  of  these  have  received  more  than  an  imperfect 
examination,  and  here  again  is  a  wide  field  for  work. 

I  may  mention  also  here  that  some  years  ago  I  suc¬ 
ceeded  in  getting  a  hydrocarbon,  apparently  a  terpene  of 
boiling-point  156°  C.,  from  New  Zealand  Kauri  gum  by 
passing  steam  over  the  roughly-powdered  gum  heated  in 
a  copper  vessel.  It  would  be  interesting,  perhaps,  to  re¬ 
examine  this  in  the  light  of  Wallach’s  researches,  but  up 
to  the  present  time  I  have  had  no  opportunity. 

Leaving  the  essential  oils,  and  passing  to  other  classes 
of  products,  we  find  that  Eucalyptus  viminalis  yields  the 
well-known  “  manna.”  This  has  been  lately  shown  by 
Tollens  to  contain  over  50  per  cent  of  raffinose,  or 
melitose,  one  of  the  more  recently  investigated,  and  from 
a  scientific,  point  of  view  more  interesting  sugars,  con¬ 
taining  as  it  does  at  least  eighteen  atoms  of  carbon,  and 
yielding  a  mixture  of  laevulose  and  galaCtose  on  treatment 
with  dilute  acids.  I  believe,  though  on  this  point  I  am 
not  quite  certain,  that  “  manna  ”  has  also  been  found  on 
other  species  of  eucalyptus  ;  if  so,  it  would  be  well  worth 
examining. 

The  alkaloids  afford  us  a  field  almost  untouched,  so  far 
as  exaCt  chemical  investigation  is  concerned.  So  far  as  I 
know  the  only  substances  belonging  to  this  class  which 
have  been  at  all  carefully  examined  are  those  to  be  found 
in  the  bark  of  Alstonia  constricta  and  the  “ pituri.”  Of 
the  former  several  have  been  isolated  and  partially  de¬ 
scribed  by  different  observers,  but  especially  by  Hesse, 
who  describes  at  least  four ;  but  all  of  them  need  further 
examination,  especially  as  some,  at  any  rate,  possess  very 
marked  physiological  activity.  The  alkaloid  to  which  the 
peculiar  effects  of  “  pituri  ”  are  due  has  been  isolated  by 
Professor  Liversidge,  who  describes  it  as  a  volatile  liquid 
possessing  characteristics  closely  allied  to  but  distinct 
from  those  of  nicotine,  and  having  the  formula  CeHsN, 
This  also  needs  further  examination,  but  sufficient 
quantities  of  material  are  very  difficult  to  obtain,  and  I 
understand  Professor  Liversidge  has  not  had  an  oppor¬ 
tunity  to  continue  the  investigation.  There  are  numbers 
of  plants  which  seem  to  contain  principles  of  more  or  less 
poisonous  nature,  notably  two  natives  of  New  Zealand, 
the  Coriaria  ruscifolia  and  Corynocarpus  levigata.  The 
former  is  said  to  be  excessively  poisonous  to  sheep  feed¬ 
ing  upon  it,  and  extraordinary  stories  are  told  of  the 
powerful  physiological  effects  produced  by  eating  the  nuts 
of  the  latter  unless  they  are  first  pounded  and  washed 
with  water,  a  practice  always  observed  by  the  natives. 
Mr.  Skey,  who  examined  these  nuts,  states  that  he  suc- 
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ceeded  in  isolating  a  crystalline  poisonous  substance, 
which,  however,  appeared  to  him  to  be  more  closely 
related  to  the  glucosides  than  to  the  alkoloids. 

It  is  scarcely  necessary  to  say  that  the  complete  isola¬ 
tion  and  thorough  chemical  investigation  of  physio¬ 
logically  adtive  principles,  whether  of  the  nature  of 
alkaloids  or  not,  is  of  the  greatest  importance,  if  such 
principles  are  to  be  usefully  applied  to  medicinal  purposes. 
The  scientific  world  owes  a  debt  of  gratitude  to  Dr. 
Bancroft,  of  Brisbane,  for  the  valuable  results  he  has 
obtained  by  physiological  experiments  with  a  variety  of 
Australian  plants,  but  the  statement  will  bear  repetition 
that  from  a  chemical  point  of  view  a  great  deal  still 
remains  to  be  done. 

As  an  instance  of  a  glucoside,  we  have  the  adtive 
principle  of  Smilax  glycyphylla,  which  is  asserted  by 
some  to  have  considerable  medicinal  value,  but  which  has 
not  yet,  so  far  as  I  am  aware,  been  tried  medicinally  in 
the  pure  state,  and  in  larger  doses  than  can  be  con¬ 
veniently  administered  in  the  state  of  infusion.  It  is  a 
crystalline  substance  closely  allied  to  phlorizin.  By  the 
adtion  of  dilute  acids  it  yields  phloretin  and  isodulcite, 
the  latter,  I  need  scarcely  tell  you,  a  substance  of  con¬ 
siderable  interest  and  importance  in  connedtion  with  the 
question  of  the  constitution  of  the  sugars,  and  hitherto 
obtainable  with  difficulty  from  a  few  rare  sources. 

Colouring  matters  are  not  wanting  as  produdts  of  the 
Australasian  flora,  and  many  of  these  would,  without 
doubt,  yield  results  of  great  interest,  if  not  always  of 
great  pradtical  importance,  were  they  subjedted  to  close 
examination.  You  may  be  interested  in  examining  these 
specimens  of  colouring  matters  from  Drosera  whittakeri , 
a  South  Australian  species.  These  materials  are  capable 
of  being  used  as  dyes,  and  appear  to  bear  much  the  same 
relationship  to  one  of  the  methyl-napthalenes  as  alizarin 
and  its  congeners  do  to  anthracene. 

My  attention  has  been  recently  drawn  to  the  fluorescent 
infusion  yielded  by  the  leaves  of  Bursaria  spinosa ;  the 
fluorescence  proves,  on  examination,  to  be  due  to  the 
presence  of  considerable  quantities  of  cesculin,  which,  you 
will  remember,  is  found  in  the  horse-chestnut,  and,  as  is 
stated,  in  the  root  of  one  other  plant,  the  wild  jasmine. 
This  may  prove  to  be  an  important  source  of  this  sub¬ 
stance,  should  it  ever  prove  to  be  of  pradtical  value. 

Many  of  our  gums  and  resins  would  doubtless  repay 
close  examination,  and  Mr.  Maiden  has  done  a  great  deal 
in  colledting,  classifying,  and  partially  examining  a  large 
number  of  them,  especially  with  reference  to  the  quan¬ 
tities  of  tannin  which  they  contain.  One  of  the  most 
closely  examined  of  the  resins  is  that  obtained  from  the 
various  species  of  Xantliorrhcea,  which  was  at  one  time 
largely  used  as  a  source  of  picric  acid.  Its  produdts  of 
distillation,  under  different  conditions,  have  not  been 
thoroughly  investigated,  and  might  yield  results  of  im¬ 
portance  ;  and  besides,  the  resin,  originally  examined  by 
Stenhouse,  appears  to  have  been  the  produdt  of  one 
species  only. 

A  great  deal  more  might  be  said  on  this  part  of  my 
subjedt,  but  I  think  I  have  said  enough  to  show  that  there 
is  still  a  wide  field  open  if  we  can  only  find  workers,  but 
herein  lies  the  difficulty.  It  has  often  occurred  to  me  that 
outsiders  may  wonder  why,  in  this  land  of  great  advan¬ 
tages,  and  with  such  an  extensive  field,  there  is  not  more 
original  investigation.  Why  is  there  not  an  abundance 
of  scientific  papers,  on  all  sorts  of  subjedts,  to  be  found 
in  the  proceedings  of  our  scientific  societies  ?  It  is  true 
there  are  plenty  of  papers  dealing  with  matters  of  Natural 
History,  Geology,  and  kindred  subjedts,  but  very  few  in¬ 
volving  long,  accurate,  and  painstaking  investigation  in 
other  branches  of  science.  The  reason  is  plain  enough, 
viz.,  that  those  who  have  the  will  have  either  not  the 
time  or  the  means.  Those  of  us  who  are  most  favourably 
situated  as  regards  appliances  have  our  hands  full  with 
the_  teaching,  organising,  and  all  sorts  of  outside  work 
which  is  inevitable  in  colonies  in  a  state  of  growth,  and 
we  have  not,  as  yet,  numbers  of  advanced  students,  such  j 
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as  we  find  in  older  countries,  who  are  only  too  glad  to  be 
entrusted  with  new  lines  of  research.  May  we  not  hope 
that  one  effedt  of  this  Association  will  be  to  so  interest 
young  and  old  alike  in  the  cause  of  scientific  investigation, 
that  such  of  the  younger  members  as  have  time  and 
means  will  come  to  our  aid,  and  such  of  the  older  members 
as  have  sons,  and  can  afford,  will  endeavour  to  give  us 
a  chance  of  showing  what  Australians  can  do  in  this 
diredtion  by  sending  us  their  sons  to  be  trained  in  some 
branch  of  scientific  work. 

Besides  this  difficulty  of  obtaining  hands  to  work, 
there  is  often  difficulty  in  obtaining  material  to  work 
with  ;  and  here  I  have  a  suggestion  to  make,  which  may, 
perhaps,  commend  itself  to  you,  and  which,  in  case  it  is 
approved,  will,  I  hope,  be  taken  up  by  this  sedtion  at  a 
later  stage  in  our  proceedings.  It  is  the  custom  in  these 
colonies  to  apply  to  a  paternal  Government  for  assist¬ 
ance  in  almost  everything,  and  this  meeting  owes  its 
hearty  thanks  to  the  Government  of  Vidtoria  for  very 
valuable  assistance  rendered.  Now,  there  are  in  most  of 
the  colonies,  government  organisations  which  specially 
deal  with  matters  bordering  upon  purely  scientific  terri¬ 
tory — geological,  mineralogical,  entomological,  agricul¬ 
tural,  and  sanitary  departments — not  to  mention  others; 
and  these  departments  have  at  their  command  men  who 
could  in  many  cases,  at  very  slight  expense,  colledt  from 
time  to  time  valuable  material.  Could  it  not  be  so 
managed  that  an  individual,  or  individuals,  thoroughly 
capable  of  dealing  with  some  special  investigation,  and 
desirous  of  following  it  up,  should  apply  to  this  Associa¬ 
tion,  or  to  a  specially  appointed  committee,  for  assist¬ 
ance  ;  and  might  not  such  assistance  take  the  form  of 
accrediting  such  individual  or  individuals  to  the  govern¬ 
ment  of  that  colony  from  which  he  wishes  to  obtain 
material  in  such  a  way  that  the  authorities  would  be  in¬ 
duced  to  take  steps  for  obtaining  a  supply  of  such 
material  ?  In  most  cases  the  cost  involved  would  be  very 
small.  The  plan  seems  to  me  to  be  feasible,  and  it  might, 
to  some  extent,  prevent  duplication  of  work,  for  it  would 
become  generally  known  that  certain  persons  were  carry¬ 
ing  out  such  and  such  investigations.  Of  course,  such 
applications  would  need  to  be  governed  by  regulations  ; 
but  should  the  suggestion  meet  with  your  approval,  it  will 
be  easy  to  discuss  the  details  at  a  later  period. 

(To  be  continued). 
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The  Diseases  of  Crops  and  their  Remedies.  A  Handbook 
of  Economic  Biology  for  Farmers  and  Students.  By 
A.  B.  Griffiths,  Ph.D.,  F.R.S.E.,  F.C.S.  London  : 
G.  Bell  and  Sons. 

This  work  scarcely  falls  within  the  ordinary  purview  of 
the  Chemical  News;  but  we  should  negledt  our  duty 
did  we  not  pronounce  it  a  most  serviceable  publication. 
The  majority  of  farmers,  not  to  speak  of  the  general 
public,  have  not  the  faintest  conception  of  the  extent  to 
which  we  are  robbed  by  tiny  pests,  of  the  very  existence 
of  which  only  specialists  are  often  aware.  The  author 
tells  us  with  perfedt  truth,  that  at  least  one-sixth  part  of 
the  entire  yield  of  farms  is  consumed  by  insedts  and 
fungi.  Yet  too  many  people,  overlooking  this  definite 
demonstrable  evil  and  its  remedies,  seek  to  remedy  “  bad 
times”  by  political  or  social  agitation,  and  even  sneer 
at  the  entomologist  and  the  fungologist  as  triflers  1 
Alas,  in  comparison,  this  name  belongs  with  more 
propriety  to  the  devotees  of  classical,  historical,  and 
ethical  study. 

A  very  remarkable  fadt  is  that  the  plants  most  useful  to 
man,  such  as  wheat,  the  potato,  the  turnip,  the  coffee 
tree,  the  vine,  the  sugar  cane,  &c.,seem  most  open  to  the 
attacks  of  enemies,  animal  and  vegetable,  and  to  have  the,- 
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least  power  of  resistence.  The  vine,  we  read,  “  is  liable  , 
to  be  attacked  by  some  350  parasitic  fungi,  in  addition  to 
the  phylloxera  and  other  animal  pests.” 

•  The  author’s  remarks  on  nomenclature  are  certainly 
not  orthodox,  though  they  are  not  without  an  element  of 
truth.  But  the  reason  why  the  first  describer’s  name  is 
attached  to  a  species — a  practice  condemned  by  no  less 
an  authority  than  Charles  Darwin — is  that  sometimes  a 
“  reformer  ”  takes  a  name  already  bestowed  upon  some 
plant  or  animal  and  gives  it  to  another.  Hence  has 
arisen  dire  confusion. 

Dr.  Griffiths  takes  in  succession  the  different  crops 
produced  in  Britain,  and  describes  under  each  the  para¬ 
sites  by  which  it  is  attacked,  and  the  remedies,  so  far  as 
they  have  been  ascertained.  Here,  however,  there  is 
room  for  avast  amount  of  research,  much  of  which  comes 
within  the  sphere  of  the  chemist. 

We  must  put  on  record  our  surprise  at  finding  so 
scarce  an  insedt  as  the  swallow-tail  butterfly  ( Papilio 
machaon)  placed  among  destru&ive  inse&s.  It  is  far  too 
rare  to  be  of  any  importance  in  this  respedt.  As  regards 
the  Death’s  Head  moth,  we  must  agree  with  Miss 
Ormerod,  F.E.S.,  that  its  larvae  seldom  cause  any  serious 
amount  of  damage. 

In  his  concluding  remarks  Dr.  Griffiths  emphasizes  the 
importance  of  the  microscope  in  the  study  of  destructive 
fungi  and  insedts,  and  especially  recommends  the  instru¬ 
ments  of  Zeiss  (of  Jena).  But  many  farmers  and  gar¬ 
deners  commit  mistakes  which  a  careful  use  of  the  naked 
eye  might  have  prevented.  We  have  known,  e.%.,  the 
useful  lady-birds  destroyed  on  suspicion  of  being  identical 
with  the  potato-beetle. 


Accidents  with  Mineral  Oil  Lamps.  Report  from  Colonel 
Majendie,  C.  B.,  H.M.,  Chief  Inspector  of  Explosives 
to  the  Right  Hon.  the  Secretary  of  State  for  the  Home 
Department,  covering  a  Joint  Report  from  Sir  F.  Abel, 
C.B.,  F.R.S.,  &c  ,  and  Mr.  Boverton  Redwood, 
F.R.S.E.,  F.C.S.,  &c. 

These  reports  contain  matter  calculated  to  make  the 
users  of  such  lamps  thoughtful.  Minute  particulars 
have  been  obtained  concerning  29  lamp  accidents.  Here 
it  appears  that  in  11  cases  the  lamp  exploded  sponta¬ 
neously  while  burning  normally.  Hence  the  fault  cannot 
always  be  traced  to  carelessness,  to  moving  the  lamp, 
attempting  to  replenish  it  whilst  burning,  or  to  extinguish 
it  in  some  careless  manner.  Indeed,  the  death  of  Prof. 
Wroblewski — one  of  the  most  skilful  and  delicate  experi¬ 
mentalists  in  Europe — shows  that  ignorance  and  awk¬ 
wardness  are  not  always  to  be  blamed  as  the  cause  of  the 
mischief. 

Again  we  read  that : — “  In  one. half  of  the  cases  in 
which  it  was  possible  to  determine  the  flashing-point  of 
the  oil,  this  was  about  io°  and  upwards  above  the  legal 
standard.”  Sir  F.  Abel  and  Dr.  Redwood  even  add  that 
in  some  of  these  instances  the  explosion  was  of  a  more 
than  ordinarily  violent  character. 

It  would  be  indeed  deplorable  if  mineral  oil  lamps  had 
to  be  abandoned  or  their  use  restricted  on  account  of 
danger.  Not  only  are  they  the  cheapest  known  source 
of  artificial  light,  but  the  steadiness  of  the  flame  recom¬ 
mends  them  to  the  student,  and  to  the  microscopist  they 
are  simply  indispensable. 

It  is,  therefore,  fortunate  that  means  are  indicated  in 
the  Reports  before  us  by  which  the  dangers  may  be 
minimised.  The  reservoirs  should  be  of  metal,  a  suitable 
extinguishing  apparatus  should  be  provided  so  that 
persons  present  may  not  be  tempted  to  blow  down  the 
chimney,  and  “  all  channels  of  communication  between 
the  burner  and  the  oil-holder  should  be  protected  with 
wire  gauze  of  28  meshes  to  the  inch.”  Lamps  in  which 
oil  is  supplied  to  the  burner  on  the  “bird-fountain” 
principle  are  considered  free  from  danger  if  the  tube  j 
through  which  the  oil  passes  remains  sealed  by  the  1 


I  liquid.  The  wicks  should  be  soft  and  not  tightly  plaited  ; 
they  should  be  rendered  quite  dry  before  being  put  into 
the  lamp,  and  should  be  only  just  long  enough  to  reach 
the  bottom  of  the  oil  reservoir.  They  should  be  so  wide 
as  to  quite  fill  the  wick-holder  without  squeezing.  The 
reservoir  should  be  quite  filled  before  using  the  lamp  ;  all 
charred  wick  and  dirt  should  be  removed  before  lighting, 
and  the  oil  should  be  stored  for  use  in  vessels  closely 
stoppered. 

The  subject  is  obviously  of  great  importance,  and  we 
can  only  hope  that  the  suggestions  of  Sir  F.  Abel  and 
Dr.  Boverton  Redwood  may  be  carried  into  pradice  by 
lamp-manufadurers  and  the  public. 


CHEMICAL  NOTICES  FROM  FOREIGN 
SOURCES. 


Note. — All  degrees  of  temperature  are  Centigrade  unless  otherwis 
expressed. 

Comptes  Rendus  Hebdomadaires  des  Seances,  de' Academic 
des  Sciences.  Vol.  cxi.,  No.  1,  July  7,  1890. 

Oxidation  of  the  Sulphur  in  Organic  Bodies. — 
MM.  Berthelot,  Andre,  and  Matignon. —  The  authors, 
after  criticising  known  methods,  propose  to  burn  the  sul¬ 
phuretted  organic  matter  in  oxygen  at  the  pressure  of  25 
atmospheres  in  the  calorimetric  bomb,  along  with  10  c.c. 
of  water.  The  combustion  is  instantaneous,  and  gives 
rise  merely  to  dilute  sulphuric  acid  whenever  the  organic 
compound  is  sufficiently  rich  in  hydrogen.  If  it  is  not 
sufficient  it  is  merely  requisite  to  add  to  the  body  in 
question  its  own  weight  of  camphor,  or  even  a  smaller 
dose.  After  the  combustion  the  bomb  is  opened,  the 
liquid  which  it  contains  is  colleded,  and  the  interior  is 
repeatedly  washed  out.  The  liquid  contains  in  general 
nothing  but  sulphuric  acid  and  some  traces  of  nitric  acid. 
It  is  precipitated  with  barium  chloride  and  the  barium 
sulphate  is  collected  and  weighed  with  the  ordinary  pre¬ 
cautions.  In  some  cases,  in  bodies  sparingly  hydrogenous, 
the  combustion  may  be  incomplete.  This  is  indicated  by 
the  smell  of  sulphurous  acid  in  the  gases  which  escape 
when  the  cock  of  the  bomb  is  loosened.  The  combustion 
in  such  cases  is  repeated,  adding  to  the  substance  its  own 
weight  or  half  its  weight  of  camphor.  The  author  has 
obtained  satisfa&ory  results  with  such  bodies  as  albumen, 
gluten,  vegetable  fibrin,  and  again  with  taurine  and 
carbon  disulphide.  Free  sulphur,  however,  even  with 
the  addition  of  naphthaline,  evolved  some  sulphurous 
acid  in  its  combustion. 

Combustion-Heat  of  Certain  Sulphur  Compounds. 
— MM.  Berthelot  and  Martignon. — The  authors  used  the 
method  mentioned  in  the  foregoing  paper  in  determining 
the  combustion-heats  of  thiophene,  taurine,  and  carbon 
disulphide. 

Researches  on  Certain  Saccharine  Principles. — 
MM.  Berthelot  and  Martignon. — Thermo-chemical  deter¬ 
minations  concerning  erythrite,  arabinose,  xylose, 
raffinose,  and  the  inosites, 

New  Researches  on  the  Effluve. — P.  Schiitzen- 
berger. — The  author  describes  his  experiments  on  carbon 
monoxide.  In  a  blank  experiment  a  current  of  this  gas, 
obtained  by  the  decomposition  of  sodium  formiate  by 
monohydrated  sulphuric  acid,  freed  from  every  trace  of 
free  oxygen,  of  carbon  dioxide,  and  watery  vapour,  was 
allowed  to  pass  in  bubbles  for  six  hours,  and  it  was  found 
that  the  weight  of  the  tubes  had  not  appreciably  varied. 
In  experiments  when  the  gaseous  current  was  kept  at  the 
same  speed,  but  with  the  action  of  the  coil,  there  was  ob¬ 
tained  a  solid  acid  produdt  which,  when  the  gas  was  re- 
1  newed  only  every  three  hours,  gave  carbon  42-1  per 
1  cent,  hydrogen  1*4,  and  oxygen  56‘5  per  cent.  On  pro* 
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longing  the  duration  of  the  adtion  of  the  effluve  upon  one 
and  the  same  portion  of  gas,  the  proportions  of  oxygen 
and  hydrogen  increase.  The  excess  of  these  gases  con¬ 
densed  is  not  in  the  proportions  of  water,  the  oxvgen 
being  in  excess.  On  prolonging  the  adtion  of  the  effluve 
upon  one  and  the  same  portion  of  gas  the  proportion 
between  the  carbon  dioxide  formed  and  the  total  con¬ 
densed  produdt  diminishes  up  to  a  certain  limit.  The 
elements  of  water  do  not  penetrate  the  tube  in  their  com¬ 
bined  state,  but  separately,  in  conseqnence  of  a  kind  of 
eledtrolytic  transference. 

Adtion  of  the  Various  Alkaline  Arseniates,  in  the 
Dry  Way,  upon  Certain  Metallic  Sesquioxides. — C. 
Lefevre. — The  aluminium,  chromium,  and  iron  sesqui¬ 
oxides  always  yield  an  arseniate  of  the  composition 
2MO,KO,As05,  as  do  those  of  the  alkaline  earths  and  of 
the  magnesian  series. 

New  Method  of  Preparing  Basic  Copper  Nitrate 
and  Crystalline  Metallic  Subnitrates. — G.  Rousseau. 
— The  author  submits  the  two  hydrates  of  neutral  copper 
nitrate,  along  with  an  alkaline  earthy  carbonate,  to  the 
adtion  of  heat  in  sealed  tubes.  He  rejedts  the  formula 
proposed  by  Berzelius  and  Graham,  and  accepts  that  of 
Gerhardt,  3Cu0,Cu0,N05,H0. 

Double  Phosphorus  and  Indium  Bromides. — G, 
Geisenheimer. — The  author  has  obtained  Ir2Br3,3PBr3  in 
red  crystalline  needles.  He  has  failed  in  producing  a 
brcmide  corresponding  to  the  double  chloride,  Ir2P3Cli5. 
The  double  bromides  differ  from  the  corresponding 
chlorides  in  as  far  as  the  most  stable  of  the  former  is 
Ir2P2Brg,  whilst  the  most  stable  of  the  chlorides  is 
Ir2P3Clj2. 

On  Certain  Chromo-Iodates. — A.  Berg. — M.  Berg 
has  obtained  and  described  the  magnesium,  cobalt, 
nickel,  and  silver  chromo-iodates,  and  subsequently  that 
of  copper. 

On  the  Nitroprussiates. — M,  Prud’homme. —  The 
author  gives  three  processes  for  obtaining  nitroprussides. 
He  recommends  a  mixture  of  sodium  nitrite,  34*5  grms., 
and  sodium  hyposulphite,  15 '5  grms.,  in  150  c.c.  of  water 
boiled  with  41  grms.  ferricyanide  in  250  grms.  water.  If 
this  liquid,  when  cold,  is  mixed  with  108  grms.  solution 
sodium  bisulphite  at  37°  B.  it  becomes  of  a  very  deep  red 

The  Cause  of  the  Alterations  which  Certain  Com-* 
pounds  of  the  Aromatic  Series  undergo  under  the 
Adtion  of  Air  and  Light. — Andre  Bidot.— The  changes 
of  colour  in  question  are  not  due  to  any  inherent  proper¬ 
ties  of  the  compounds  in  question,  but  are  occasioned  by 
the  intervention  of  foreign  matters  in  infinitesimal  pro¬ 
portions. 

Transformation  of  Glucose  into  Sorbite.  —  J. 
Meunier. — The  author  hydrogenises  glucose  by  the  adtion 
of  sodium  amalgam,  and  obtains  from  25  grms.  21  grms. 
of  benzoic  acetal,  which  corresponds  to  35 — 40  per  cent 
of  sorbite. 

The  Hydrogenation  of  Sorbine  and  the  Oxidation 
of  Sorbite. — Camille  Vincent  and  M.  Delachanal. — The 
authors  find  that  by  hydrogenising  sorbine  they  obtain 
sorbite.  In  attempting  to  produce  sorbine  by  oxidising 
sorbite  they  have  obtained  glucose. 

Synthesis  by  Means  of  Cyanacetic  Ether. — A. 
Haller. — If  the  cyanacetic  ethers  are  treated  with  sodium 
alcoholate  they  yield  sodium  derivatives,  very  susceptible 
of  double  decomposition.  If  these  sodium  compounds, 
dissolved  or  suspended  in  absolute  alcohols,  are  treated 
with  a  current  of  cyanogen  chloride,  dicyanacetic  ethers 
are  produced. 

Preparation  of  Certain  Ethers  by  Means  of  Fer¬ 
mentation.—  G.  Jacquemin. — Tire  author  finds  it 
possible  to  obtain  ethers  by  sowing,  e.g.,  the  wort  of  malt 
with  organised  ferments. 

Physiological  Adtion  of  the  Salts  of  Thallium, — J. 
Blake. — (See  p.  44). 
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Series  3,  Vol.  iii.,  No.  8. 

The  Preparation  of  the  Crystalline  Basic  Copper 
Nitrate  and  its  Identification  with  Gerhardtite. — L. 
Bourgeois. — On  heating  copper  nitrate  with  urea  in  a 
sealed  tube  the  author  obtains  very  slender  tablets  of  & 
pale  greenish  blue,  which  prove  to  be  a  basic  copper 
nitrate.  This  substance  occurs,  along  with  malachite 
and  cuprite,  in  specimens  from  Arizona,  and  has  received 
the  name  Gerhardtite. 

The  Nitration  of  Propylbenzene. — R.  Lespieau. 
— On  causing  a  mixture  of  sulphuric  and  nitric  acids  to. 
a<5t  upon  propylbenzene  the  author  has  obtained  a  white 
crystalline  body  fusible  at  238°.  In  the  liquid  separated 
from  the  crystals  there  appear  oily  products,  which  cannot 
be  distilled,  even  in  a  vacuum.  One  of  them  is  a 
yellowish  liquid,  having  the  odour  of  nitrobenzene. 

Adtion  of  Ethyl  Iodide  upon  Certain  Acid  Amides. 
— E.  Duvillier. — The  author  examines  the  adtion  of  ethyl' 
iodide  in  excess  upon  amidobutyric  acid  in  presence  of 
potassa.  There  is  no  production  of  betaine,  but  an- 
abundant  yield  of  diethylamidobutyric  acid.  If  ethyl 
iodide  in  large  excess  (4  mols.  and  upwards)  is  allowed 
to  a dt  upon  x  mol.  alanine  dissolved  in  an  alcoholic  solu¬ 
tion  of  potassa  at  ioo°  in  a  closed  vessel  there  is  not  pro¬ 
duction  of  ethyl  betaine,  but  of  diethylamidopropionic  acid. 

Adtion  of  Trimethylamine  upon  Bromoisovaleric 
Acid. — E.  Duvillier. — This  reaction  produces  only  a  very 
small  quantity  of  betaine,  but  an  abundance  of  tetra- 
methylammonium,  and  much  dimethylacrylic  acid.  No 
iso-oxyvaleric  acid  is  formed. 

Combination  of  Ammonia  with  Metallic  Perman¬ 
ganates. —  T.  Klobb* — According  to  the  text-books, 
ammonia  decomposes  permanganic  acid  and  its  salts  with 
liberation  of  nitrogen  and  separation  of  manganese  di¬ 
oxide  or  sesquioxide.  This  takes  place  on  prolonged 
contact  or  at  high  temperatures,  but  it  is  possible  to  ob¬ 
tain  crystalline  compounds  of  certain  permanganates 
with  ammonia.  The  author  has  obtained  such  salts  with 
copper,  zinc,  nickel,  and  cadmium.  All  these  compounds- 
dissolve  without  decomposition  in  dilute  sulphuric  acid, 
but  their  aqueous  solutions,  which  are  at  first  of  a  fine 
violet,  soon  deposit  manganese  oxide.  The  salts  of  zinc 
and  copper  are  the  most  permanent.  All  of  them  detonate 
if  struck  with  a  hammer. 

On  Certain  Products  of  the  Distillation  of  Wood. — 
M.  Vladesco. — In  all  the  examples  examined  there  were 
found,  along  with  ordinary  acetone,  certain  other  higher 
acetones.  It  is  probable  that  on  operating  upon  larger 
quantities  of  material,  propione  or  methylisoprop.ylacetone 
might  be  recognised. 

The  Wines  of  Dried  Grapes  and  their  Total  Pro¬ 
portion  of  Nitrogen. — P.  Cazeneuve  and  L.  Ducher. — 
The  authors  propose  a  determination  of  nitrogen,  which 
is  more  abundant  in  raisin-wines  than  in  wines  made 
from  fresh  grapes. 

On  the  Chloronitroanisols. — Louis  Hugounenq. — An 
examination  of  dichloromononitroanisol,  of  the  corre¬ 
sponding  dinitro-compound,  and  of  the  trichloromono-- 
and  dinitroanisols. 

Vol.  iii.,  No.  10. 

Vapour  Density  of  the  Selenium  Chlorides. — C. 
Chabrie. — It  appears  that  the  chloride  SeCl4  is  dissociated 
into  free  chlorine  and  sub-chloride,  and  that  Se2Cl2,  which 
is  only  decomposed  partially  if  not  in  presence  of  an 
atmosphere  of  chlorine,  is  not  decomposed  at  all  if  in  contadt 
with  an  atmosphere  of  this  gas  in  the  nascent  state. 

Sulphoconjugated  Phenols  Derived  from  Ordinary 
Camphor. — P.  Cazeneuve. — Concentrated  sulphuric  acid 
yields  in  the  cold,  with  monoehloro-camphor,  a  total  of 
sulphoconjugated  compounds  possessing  the  phenolic 
fundtion.  This  formation  proves  that  the  terebenic  series 
contains  the  benzene  nucleus,  and  is  a  branch  of  the 
aromatic  series. 
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On  a  New  Inosite. — MM.  Maquenne  and  Tanret. — 
The  authors  have  obtained  racemo-inosite,  which  has  the 
same  relations  to  the  dextro-rotatory  and  the  Iaevo- 
rotatory  inosites  as  the  paratartaric  acid  has  to  dextro- 
and  lcevo-tartaric  acids. 

Presence  of  Magnesia  in  Acid  Calcium  Phosphate 
and  Sodium  Phosphate.— M.  Schlagdenhauffen. — Acid 
calcium  phosphate,  if  prepared  in  the  ordinary  manner 
from  calcined  bones,  must  of  necessity  contain  magnesium 
phosphate  to  the  extent  of  fo2  per  cent,  and  which  is 
not  fully  eliminated.  Solutions  of  sodium  phosphate 
contain  calcium  and  magnesium  phosphates.  In  deter¬ 
mining  magnesia  there  should  be  used,  instead  of  common 
sodium  phosphate,  a  mixture  of  this  phosphate,  of  mag¬ 
nesium  chloride,  and  of  ammonia,  letting  it  stand  for 
twenty-four  hours,  and  using  the  clear  liquid  as  precipi¬ 
tant. 

On  Quebrachite. — M.  Tanret. — Quebrachite  is  not  a 
hexatomic  but  a  pentatomic  alcohol. 

Determination  of  Cantharidine  in  Inserts. — J.  B. 
Nagelvoort. — 10  grms.  of  cantharides  are  moistened  with 
a  solution  of  soda  at  10  per  cent  and  let  steep  for  six 
hours.  The  mixture  is  then  acidulated  with  hydrochloric 
acid,  placed  in  a  Soxhlet  apparatus,  and  exhausted  with 
boiling  chloroform  (about  50  c.c.).  When  the  chloroform 
is  evaporated  the  remainder  is  washed  with  carbon  di¬ 
sulphide,  thrown  upon  a  fiiter,  and  again  exhausted  with 
boiling  chloroform.  The  solution  is  received  in  a  small 
tared  capsule,  evaporated,  and  weighed. 

Vol.  xxi.,  No.  4. 

Boric  Acid  in  Articles  of  Food. — Contractors 
supplying  preserved  meats  for  the  German  navy  have  been 
officially  forbidden  to  make  use  of  substances  containing 
boric  acid.  All  persons  who  have  experimentally  con¬ 
sumed  meat  preserved  with  the  aid  of  a  powder  composed 
of  borax  and  soda  have  experienced  derangements  of 
digestion. 

Sophistications  in  Russia. — According  to  Le  Caucase 
the  tea  grown  in  Trans-Caucasia  consists  in  large  part 
of  the  leaves  of  a  shrub  named  V accinium  areto  staphylos  (?) 
which  yield  a  decoCtion  having  some  resemblance  in 
taste  to  tea,  but  acrid  and  nauseating.  These  leaves  are 
mixed  up  with  inferior  tea  and  with  tea-leaves  which 
have  been  already  used.  The  Nouvelles  de  St.  Petersbourg 
adds  that  groceries,  such  as  mustard,  pepper,  coffee,  &c. , 
often  contain  only  from  i-2oth  to  i-ioth  of  the  substance 
which  they  professedly  represent. 

Vol.  xxi  ,  No.  5. 

Assay  of  Commercial  Tin  Plate  by  Potassium 
Iodide. — Dr.  Perron. —  It  is  usually  supposed  that  tin 
mixed  with  lead  may  be  detected  if  we  treat  a  spot  of  the 
surface  with  nitric  acid,  evaporate  the  white  stannic  stain 
produced,  and  then  apply  potassium  iodide.  In  this 
operation  there  is  a  great  risk  of  error  if  the  nitric  spot  is 
either  heated  too  little  or  too  much  in  the  process  of 
drying.  The  author  announces  that  he  will  indicate  a 
novel  readtion. 

New  Process  for  the  Carbonisation  of  Wood  in 
the  Manufacture  of  Gunpowder. — H.  Guttler. — The 
author  injedts  hot  carbon  dioxide  into  the  retorts  during 
charring,  and  allows  the  produdt  to  cool  in  a  cold  atmo¬ 
sphere  of  the  same  gas. 

Process  for  Rendering  Thermometers  more 
Sensitive. — C.  Sache. — The  author  uses,  instead  of  pure 
meicury,  an  amalgam  containing  x  per  cent  of  silver, 
which  is  a  better  condudtor. 

Vol.  xxi.,  No.  6 

Digestibility  of  Boiled  Milk. — W.  Raudnitz. — The 
use  of  milk  boiled  or  even  heated  slightly  above  ioo° 


having  been  generally  recommended  in  order  to  destroy 
morbific  germs,  the  author  has  made  comparative  experi¬ 
ments  with  raw  and  boiled  milk  upon  a  young  dog.  He 

finds  that  the  nutritive  value  of  the  raw  milk  is  not 
appreciably  less  than  that  of  boiled  milk. 

Action  of  Organic  Acids  upon  Utensils  of  Nickel. 
— A.  Rohder. — The  author  thinks  that  the  use  of  such 
articles  may  be  tolerated.  Surfaces  of  290  centimetres, 
after  being  exposed  for  twenty-four  hours  to  the  adiion  of 
acetic  acid  at  2  per  cent,  only  lost  24  to  29  milligrammes. 
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Rationale.  Series  4,  Vol.  v.,  No.  52. 

This  number  contains  no  chemical  matter. 


MISCELLANEOUS. 


Institute  of  Chemistry. — Thefollowing  are  the  names 
of  the  43  candidates  who  passed  the  Institute  Examina¬ 
tion  in  Pradtical  Chemistry  held  July  14  to  17  at  Birming¬ 
ham,  Glasgow,  Leeds,  Liverpool,  London,  and  Man¬ 
chester: — J.  Anderson,  F.  Boyce,  H.  Broadbent,  F. 
Brownsword,  A.  Carey,  G.  C.  Clayton,  J.  T.  Conroy,  A. 
W.  Crossley,  L.  Crossley,  H.  E.  Davies,  E.  V.  Ellis,  P. 

A.  Estcourt,  C.  H.  Field,  A.  W.  Gilbody,  W.  Goodall, 
W.  Greaves,  A.  Hall,  G.  Hefford,  H.  Ingle,  S.  Jackson, 

B.  W.  Jones,  W.  H.  Joseland,  Dr.  J.  W.  Leather,  J.  H. 
Lester,  J.  G.  Lord,  H.  S.  Marsh,  W.  MacDonald,  T. 
Newsome,  S.  Pickford,  R.  W.  Prideaux,  J.  R.  Paterson, 
W.  Ramsay,  G.  H.  Robertson,  C.  Smith,  J.  Spilsbury,  J, 
H.  Stansbie,  J.  A.  Storey,  J.  J.  Sudborough,  M.  Taylor’ 
E.  A.  Wagstaffe,  H.  Watson,  J.  Wild,  and  J.  H.  Wilson. 

Photographic  Convention  of  the  United  Kingdom 
— At  this  Convention  there  was  presented  a  Report  from 
the  Committee  on  “  Weights,  Measures,  and  Formulae,” 
drawn  up  by  Mr.  C.  H.  Bothamley.  The  Committee 
fully  recognise  the  value  of  a  decimal  system,  and  also  of 
a  definite  relation  between  the  measures  of  weight  and 
the  measures  of  capacity.  These  features  are  possessed 
by  the  French  or  metric  system,  but  also  by  a  system  of 
units  in  common  use  in  England,  the  grain-weight  and 
the  grain-measure  or  fluid  grain.  It  is  merely  necessary 
to  rejedt  the  drachm,  the  scruple,  and  the  minim,  and  ex- 
press  all  weights  in  grains  and  decimal  fractions  of  a 
grain,  and  all  measures  in  fluid  grains  and  their  decimal 
multiples  and  sub-multiples.  They  remind  their  con¬ 
stituents  that  an  exadt  equivalence  between  weights  and 
measures  exists  only  at  one  fixed  temperature,  and  as 
concerns  liquids  of  the  same  sp.  gr.  as  water.  Hence  all 
solutions  should  be  made  up  at  i5°C.  or  else  at  62°  F. 
They  recommend  that  formula  should  state  the  quantities 
of  the  ingredients  to  be  contained  in  x  parts  of  the 
finished  solution  and  not  the  quantities  to  be  added  to 
x  parts  of  the  solvent.  Hence  they  very  properly  advise 
photographers  in  making  up  a  solution  first  to  dissolve 
the  ingredients  in  a  quantity  of  the  liquid  smaller  than 
the  required  volume  of  the  finished  mixture,  making  it  up 
after  cooling  (if  necessary)  to  the  volume  specified. 
These  propot  als,  if  acted  upon,  will  pievent  much  con¬ 
fusion  and  error. 

On  Phenyl-Dithienyl. —  Adolphe  Renard. —  Phenyl- 
dithienyl  is  formed  along  with  phenyl-thiophene  by  the 
adtion  of  sulphur  upon  toluene  at  dull  redness.  It  appears 
in  colourless  plates,  fusible  at  209°,  and  capable  of 
subliming.  It  is  very  little  soluble  in  alcohol, 
ether,  petroleum  essence,  slightly  soluble  in  chloro¬ 
form  and  acetic  acid,  vety  soluble  in  boiling  benzene 
and  toluene.  Its  composition  is  CeH5—  (C4H2S—  C4H3S). 
The  author  has  examined  its  tribromo-,  dinitro-,  and 
i  disulphonic  compounds. — Comptcs  Rendus ,  vol.  cxi.,  No.  1. 
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EXAMINATION  OF  OILS,  FATS,  AND  ALLIED 
SUBSTANCES. 

By  THOMAS  T,  P.  BRUCE  WARREN. 


When  two  oils  are  mixed  together  which  separately  yield 
insoluble  products  with  sulphur  chloride  it  is  found  that 
this  reagent  exerts  a  selective  aCtion,  so  that  one  of  the 
oils  is,  relatively,  more  affeCted  than  the  other,  and  I  have 
no  doubt  a  fractional  separation  may  be  made  by  adjusting 
the  amount  of  chloride  required  for  the  quantity  present 
of  the  more  aCtive  oil.  The  quantity  of  soluble  matter 
yielded  by  a  magma  to  carbon  disulphide,  or  removable 
by  boiling  in  a  solution  of  caustic  soda,  will  depend  on  the 
amount  of  chloride  used  and  also  on  the  nature  of  the  oils 
themselves. 

Castor  oil  yields  a  small  proportion  of  soluble  matter 
and  is  so  energetic  in  its  aCtion  that  we  are  obliged  to 
dilute  the  chloride  so  as  to  moderate  it3  effeCt.  Rape  oil 
or  any  similar  oil,  if  used  to  dilute  the  castor  oil,  will  only 
slightly  modify  its  aCtion  ;  the  effeCt  of  this  oil  is  to  deprive 
the  rape  oil  of  its  allotted  proportion  of  chloride  2nd  to 
become  itself  more  firmly  solidified  ;  hence,  when  the 
magma  is  treated  with  CS2,  the  soluble  portion  will  be 
proportionately  richer  in  rape  oil  products  as  the  quantity 
of  castor  oil  is  increased. 

When  the  yellow  chloride  of  sulphur  aCts  upon  an  oil 
the  chlorine  is  chiefly  evolved  as  HC1,  whilst  the  sulphur 
combines  simultaneously  with  the  dehydrogenised  portion 
of  the  oil.  I  cannot  speak  definitely  of  what  happens  with 
those  oils  which  do  not  yield  insoluble  products.  The 
estimation  of  sulphur  and  chlorine  retained  in  these  puri¬ 
fied  insoluble  products  will  assist  us  in  many  ways,  so  that 
I  hope  to  supplement  this  part  of  the  subject  at  an  early 
date. 

The  total  weight  of  the  dried  solid  magma  formed  by 
sulphur  chloride  should  always  be  noted,  as  it  not  unfre- 
quently  gives  us  an  important  insight  into  the  nature  of 
the  substances  we  are  dealing  with  ;  but  a  far  more  im¬ 
portant  clue  is  to  be  gained  from  the  subsequent  treat¬ 
ment  with  solvents — 5  grms.  lard  gave  5-80  grms.  solid 
magma,  which  was  entirely  soluble  in  CS2.  This  lard 
was  prepared  from  the  “  flare  ”  of  the  pig,  under  my  own 
supervision.  The  iodine  absorption  was  52  6  per  cent.  I 
hope  to  obtain  some  purified  lard  oil  from  the  same  source 
at  some  future  time,  but  the  significant  faCt  proved  here 
is  that  lard  oil  should  yield  no  insoluble  product  if  pure. 

The  same  quantities  of  lard  and  lard  oil  and  chloride 
were  used.  Cocoa-nut  oil  is  added  to  show  the  differences 
in  weight  yielded  by  fats  giving  no  insoluble  products  and 
adulterated  oils  containing  an  oil  which  gives  an  insoluble 
prsduCt. 

Sulphur  Chloride.  Iodine  Abs.,  P.c. 


Total  weight,  grms. 

1 - ' - ,  Original 

Magma.  Soluble.  oil. 


Lard  ..  ..  5-80  5-80 

Lard  oil  ..  6  25  075 

j,  ,,  . .  6*19  0*48 

Cocoa-nut  oil  5-14  5-14 


52’6 

93-2 

89-9 


Extract. 

from  Remarks, 
magma. 

47-40  Own  rendg. 
48'58  American. 
52-o6  English. 
1470 


These  results  are  very  instructive.  The  iodine  absorp¬ 
tions  show  that  the  oils  or  fats  which  yield  no  insoluble 
products  are  but  little  altered  by  chloride  of  sulphur, 
wnereas  a  mixture  of  such  an  oil  or  fat  will  yield  a  soluble 
portion  totally  different  in  its  iodine  absorption  and  more 
closely  approaching  that  of  pure  lard  similarly  treated. 

Again,  an  oil  or  fat  which  is  not  solidified  by  chloride  of 
sulphur  gives  an  increase  in  weight  very  different  from 


oils  yielding  insoluble  products,  and  the  portion  thus  re¬ 
moved  gives  an  iodine  absorption  quite  unlike  the  original 
oils  or  mixtures.  A  mixture  of  cocoa-nut  oil  and  cotton¬ 
seed  oil  may  be  put  together  having  a  low  iodine  absorp¬ 
tion,  but  this  treatment  would  at  once  reveal  the  nature  of 
the  mixture,  as  the  cocoa-nut  oil  would  be  removed  by 
CS2. 

Lard  oil,  as  used  for  lubricating,  may  be  put  together 
in  two  ways  ;  animal  fatty  matter  may  either  be  added  to 
cotton-seed  oil,  or  the  stearin  from  cotton  oil  may  be  in 
excess  of  what  the  oil  naturally  contains,  and  this  may 
be  added  to  animal  fat,  but  by  refrigeration  and  pressure 
we  may  recover  the  olein,  when  the  iodine  absorption  of 
the  substance  left  on  the  filter,  as  well  as  that  of  the 
olein,  will  help  us  to  a  solution  of  the  problem.  Animal 
fats  or  oil  do  not  blend  so  intimately  with  vegetable  fluid 
oils. 

As  regards  lubrication,  I  do  not  suppose  that  there  is 
much  to  complain  of  in  this  mixture,  but  when  we  pay 
£40  per  ton  for  an  article  consisting  mainly  of  an  oil 
which  can  be  bought  for  £20  per  ton,  the  financial  aspect 
is  at  least  discouraging. 

Bearing  more  direCtly  on  the  chemistry  of  fatty  bodies, 
and  more  particularly  on  the  oleic  and  stearic  glycerides, 
I  may  say  that  I  am  driven  to  the  conclusion  that  chloride 
of  sulphur  shows  us  that  we  cannot  regard  these  com¬ 
pounds  in  animal  and  vegetable  oils  and  fats  as  having  an 
identity  of  composition.  Oleic  and  stearic  acids  from 
animal  fats  and  concrete  oils,  when  separated  and  purified, 
and  subsequently  converted  into  glycerides,  behave  as  the 
original  oils  and  fats,  but  if  stearic  or  oleic  acids  be 
separated  from  cotton  oil,  or  any  similar  oil,  and  subse¬ 
quently  converted  into  their  corresponding  glycerides, 
they  behave  with  chloride  of  sulphur  as  before  separation. 

I  was  inclined  to  believe  that  this  difference  was  due  to 
the  presence  of  some  modifying  constituent  in  certain  oils 
or  fats,  or  to  a  deficiency  of  glycerin  ;  for  the  presence  of 
this  latter  body  is  essential  to  the  reaction.  The  probable 
expulsion  of  the  glycerin  will  not  account  for  the  apparent 
anomaly  in  the  behaviour  of  these  acids. 

This  portion  of  the  subject  seems  so  important  that  I 
propose  to  re-examine  the  whole  matter  more  minutely, 
so  as  to  include  the  details  in  these  papers. 

The  experimental  case  is  briefly  this  : — A  mixture  of 
cotton-seed  oil  and  lard  was  saponified,  the  fatty  acids 
separated  and  re -converted  into  their  corresponding 
glycerides,  and  purified  by  recovery  from  CS2  solution. 
This  mixture  showed  no  difference  when  treated  with 
chloride  of  sulphur,  the  cotton-seed  cil  and  the  lard  had 
each  recovered  their  own  individuality  as  before. 

The  practical  deduction  is,  that  a  mixture  of  oils  may 
be  so  completely  altered  by  time,  exposure,  or  other  ac¬ 
cidental  causes,  that  identity  of  its  original  composition 
seems  hopeless.  The  mere  loss  of  glycerin  need  intro¬ 
duce  no  embarrassment. 


A  BRIEF  SUMMARY  OF  THE  VARIOUS 
METHODS  TRIED  FOR  THE  PRODUCTION 
OF  ALUMINIUM  FROM  1886  TO  1890. 

By  H,  N.  WARREN,  Research  Analyst. 

The  failures  to  procure  several  of  the  leading  commercial 
articles  at  a  less  price,  such  as  the  caustic  soda  of  the 
alkali  manufacturers,  the  synthesis  of  alcohol  for  the 
distiller,  the  replacement  of  cane-sugar  by  saccharine, 
besides  other  compounds  too  numerous  to  mention,  have 
of  late  led  to  the  production  of  several  eminent  works,  in 
which  these  experiments  are  clearly  brought  to  the  front, 
greatly  aiding,  no  doubt,  others  working  in  the  same 
direction.  Still  there  are,  in  each  of  these  works,  gaps 
remaining  to  be  filled,  and  it  is  therefore  the  author’s 
intent  to  bring  before  those  interested  jn  the  production 
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of  aluminium  at  least  a  few  of  the  more  important  ex¬ 
periments  that  have  been  undertaken  both  by  himself  and 
in  conjunction  with  others,  with  the  hope  of  obtaining 
further  light  upon  this  metal  of  the  nineteenth  century. 

In  the  first  instance  I  will  confine  myself  as  closely  as 
possible  to  the  mineral  cryolite  or  its  derivatives  as  the 
diredt  source  or  storehouse  for  the  metal.  One  of  the 
earliest  experiments  was  the  action  of  amorphous  silicon 
upon  that  substance,  which,  although  it  yielded  a  nega¬ 
tive  result,  being  afterwards  readily  observed  on  account 
of  the  stability  of  that  substance  and  its  neutral  reaction, 
nevertheless  pointed  to  the  direction  of  some  allied 
substance  presenting  an  acid  reaction  and  less  stable, 
and  for  it  was  substituted  aluminium  fluoride  itself. 
Amorphous  silicon  thrown  into  melted  fluoride  of  alu¬ 
minium  when  at  a  high  temperature  reaCts  according  to 
the  following  equation,  yielding  aluminium  and  silicon 
fluoride — 

4AlF3+3Si  =  4Al+ 3SiF4 ; 


Vegetable  Membrane.  {C™SWS' 

rod  of  metallic  aluminium  is  connected  to  the  positive 
pole  of  a  compact  battery,  a  platinum  plate  furnishing  the 
negative,  and  the  extremities  of  each  are  brought  into 
contact  with  a  strong  solution  of  hydrocyanic  acid,  alu¬ 
minium  cyanide  is  formed  in  the  solution,  which  is 
entirely  decomposed  below  the  boiling  temperature. 
Sulphocyanides,  ferrocyanides,  and  all  the  compounds  of 
aluminium,  both  organic  and  inorganic,  have  in  short 
been  thoroughly  experimented  with. 

Everton  Research  Laboratory, 

18,  Albion  Street,  Everton,  Liverpool. 
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but  aluminium  being  once  formed  and  in  contact  with 
silicon  fluoride  at  once  decomposes  it,  yielding  an  alloy 
of  silicon  with  aluminium  containing  about  70  per  cent 
of  the  former  substance. 

The  second  lot  of  experiments  comprise  chiefly  the 
injecting  of  the  vapour  of  ammonia,  ammonia  oxalate, 
and  the  more  volatile  metals  into  the  melted  cryolite. 

Experiments  with  the  fluorides  in  contact  with  metallic 
copper,  using  as  a  reducing  agent  the  hydrides  of  anti¬ 
mony,  arsenic,  sulphur,  selenium,  &c.,  have  also  been 
tried  for  the  production  of  A1  bronze. 

For  the  production  of  ferro-aluminium  metallic  man¬ 
ganese  in  presence  of  iron  has  been  made  use  of,  also 
ferro-manganese,  spiegeleisen,  &c. 

To  manufacture  the  anhydrous  chloride  the  incineration 
of  a  mixture  of  barium  chloride  and  soda-alum  has  been 
made  use  of,  and  the  introduction  of  magnesium  for  the 
replacement  of  the  aluminium.  The  phosphides  and 
sulphides  have  also  been  largely  dealt  with.  With  respeCt 
to  arsenic  the  reaction  afforded  with  this  substance  is 
more  than  striking.  Absolutely  pure  aluminium  was 
taken,  melted  at  a  red-heat,  and  metallic  arsenic  thrown 
on  to  its  surface  and  impregnated  with  the  same  by 
stirring.  A  brittle  arsenide  of  aluminium  may  be  formed, 
but  strange  to  say  this  compound  is  completely  decom¬ 
posed  again  on  raising  the  temperature,  even  when  out  of 
contaCl  with  air,  insomuch  that  no  arsenic  hydride  is 
produced  when  aCted  upon  by  dilute  acids. 

This  reaction  was  at  one  time  considered  to  be  of 
value  for  the  separation  of  aluminium  from  alloys  con¬ 
taining  the  same.  But  quite  a  different  phenomenon  is 
observed  in  the  case  of  alloys,  an  arsenical  regulus  being 
in  every  case  readily  formed.  Aluminium  in  this 
respeCt  may  be  compared  to  the  action  of  metallic  copper 
when  in  contact  with  sulphide  of  that  element,  and  the 
marked  difference  observed  when  foreign  impurities 
present  themselves. 

Bromides,  iodides,  and  the  subjecting  of  the  oxide  to 
all  grades  of  temperatures  when  in  contact  with  reducible 
gases  have  also  been  thoroughly  experimented  with. 
Various  methods  have  been  of  late  patented  for  the  pro¬ 
duction  of  aluminium.  Among  a  few  of  the  most  famous 
may  be  mentioned  the  aCtion  of  common  salt  upon  clay 
when  in  presence  of  zinc,  and  also  that  of  heating  to  an 
enormous  temperature  a  mixture  of  alumina,  petroleum, 
and  sulphuric  acid,  after  which  is  introduced  some 
fabulous  metal  which  is  stated  reduces  the  aluminium  ; 
but  the  most  curious  part  of  these  patents  is  the  present 
price  of  aluminium  when  it  can,  according  to  the  minds 
of  several,  be  manufactured  so  readily.  As  regards  the 
electroplating  of  aluminium  the  same  difficulties  present 
themselves.  A  cyanide  of  the  metal  wouli  undoubtedly 
sound  the  most  feasible,  but  to  procure  this  compound  is 
as  difficult  as  the  preparation  of  the  metal  itself.  The 
cyanide,  although  stated  by  the  various  handbooks  of 
chemistry  to  be  unknown,  is  by  no  means  so  ;  for  when  a 


The  use  of  colouring  matters  in  vegetable  anatomy  has 
not  formed  hitherto  the  subject  of  methodic  investigations. 
Although  the  list  of  reagents  used  in  microscopical 
studies  grows  daily,  the  absence  of  precise  data  on  their 
composition,  their  chemical  properties,  and  the  conditions 
of  their  aCtion  renders  the  verifications  of  the  results 
announced  very  much  a  matter  of  chance. 

In  the  researches  which  the  author  has  undertaken  he 
has  proposed  to  compare  the  aCtion  of  the  colouring 
matters  with  their  composition,  and  to  verify  analytically 
the  results  obtained  with  colouring-reagents.  He  believes 
that  by  defining  strictly  the  nature  and  the  modus  operandi 
of  these  reagents,  it  will  be  possible  to  arrive  at  a  method 
for  the  qualitative  micro-analysis  of  the  tissues  capable  of 
superseding  the  empirical  processes  of  colouration  now 
used. 

In  this  memoir  he  concerns  himself  merely  with  the 
fixation  of  the  colouring  reagents  on  the  fundamental 
substances  recognised  in  the  so-called  cellulosic  mem¬ 
brane  of  plants,  this  fixation  taking  place  without 
mordants  in  a  neutral,  alkaline,  or  acid  medium. 

The  various  colouring  matters  of  the  aromatic  series 
may  be  divided  into  two  categories :  the  one  is  formed  of 
compounds  in  which  a  basic  colouring-matter  is  united  to 
various  acids,  mineral  or  organic;  the  other  is  formed  of 
acid  colours  employed  in  the  state  of  alkaline  salts. 

The  substanses  of  the  first  class  fix  themselves  with  a 
variable  energy  upon  the  peCtic  compounds,  and  thus 
manifest  the  acid  function  of  the  compounds.  They 
colour  neither  callose  nor  cellulose.  The  author  mentions 
the  azo  group,  e.g.,  Vesuvian  brown  and  chrysoidine  ;  the 
diphenylmethane  group ,  e.g.,  auramine  ;  the  triphenyl- 
methane  group,  such  as  Victoria  blue,  night-blue, 
magenta,  Paris  violet ;  then  all  the  colours  of  the  oxyazine 
group,  as  napthylene  blue,  Nile  blue;  of  the  thiosine 
group,  methylene  blue ;  of  the  eurhodine  group,  neutral 
red  ;  of  the  saff ranine  group,  neutral  blue,  phenosaffranine, 
magdala  red,  &c.  The  affinity  of  these  colours  for  the 
pedtic  compounds  is  very  unequal  and  feeble,  as  the  pre¬ 
sence  of  an  excess  of  acid  or  glycerin  is  sufficient  to  de¬ 
colourise  the  tissues  more  or  less  quickly. 

The  second  class,  formed  of  the  alkaline  salts,  contains 
a  number  of  substances  which  never  colour  the  pedtic 
compounds,  but  many  of  them  fix  upon  cellulose  and 
callose,  proving  the  basic  nature  of  these  bodies.  In  this 
class  we  have  an  interest  only  in  two  groups,  the  azo¬ 
group  and  the  triphenylmethane  group. 

The  azo-group,  if  we  set  on  one  side  chrysoidine  and 
Vesuvian  brown,  is  chiefly  formed  of  alkaline  salts,  among 
which  we  distinguish  three  important  types. 

The  first  type  comprises  the  colouring-matters  which 
only  contain  one  azo-group,  such  as  xylidine  ponceau, 
the  composition  of  which  is  — 

rvjj  !  (^^3)2  f  (/3jOH 

^6H3|n  =  N_Cioh4  l(S03Na)2 
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To  this  type  belong  aniline  and  toluidine  ponceau, 
napthorubine,  &c.,  and  the  tropeolines.  These  substances 
colour  the  protoplasm  yellow,  but  they  have  no  adtion 
upon  cellulose  or  callose. 

The  second  type  is  formnd  of  substances  containing 
two  azo-groups,  such  as  orchil  red  A. 

C6H3HCHm2  rH  l(CHs)2  J  00 H 

N  —  —  C6H2  {tit  vr  p  TT  j 

N  =  N  — CIOH4|(SC)3Na)2> 

Here  belong  orselline  BB.,  azorubine,  naphthol  black, 
the  croceines,  &c.  The  substances  colour  cellulose  in  a 
neutral  or  faintly  acid  bath,  and  have  no  adtion  upon 
callose. 

The  third  type  contains  colouring-matters  of  the 
benzidic  series,  such  as  Congo  red  — 

(o)NHj 


C6H4(4)-N  =  N(0)CIOH  JgsOaNa 
C6H4(4)  -  N  =  N(/3)CIOH5  j  H32Na 


To  this  type  belong  Bordeaux  extra,  Congo  G  R,  Congo- 
corinth,  delta-purpurine  G,  brilliant  Congo  G,  resulting 
from  the  adiionof  thesulphur  compounds  of  naphthol  upon 
benzidine  ;  azo-blue,  the  Congo-corinth  B,  the  benzo- 
purpurines,  the  rosazurines,  where  toluidine  is  substituted 
for  benzidine,  azo-violet,  benzo-azurine,  heliotrope, 
where  dianisidine  is  substituted  for  benzidine,  &c.  These 
colouring  matters,  which  are  ordinarily  precipitated  by 
acids,  dye  cellulose  and  callose  diredtly  in  a  neutral  a 
feebly  alkaline  bath. 

The  triphenylmethane  group  does  not  offer  such  definite 
relations  between  the  colouring  power  and  the  chemical 
compositions.  We  distinguish  here  first  a  great  number 
of  bodies  formed  of  hydrochlorates,  sulphate,  &c.,  which 
dye  the  pedtic  compound  diredtly,  and  then  a  series  of 
alkaline  salts  which  we  divide  into  three  groups.  The  first 
group  includes  acid  magenta,  acid  violet,  Bayer’s  blue, 
Nicholson  blue,  &c. ,  resulting  from  the  respedtive  adtion 
of  sulphuric  acid  upon  magenta,  Paris  violet  C  B, 
diphenylamine  blue,  or  aniline  blue.  These  substances 
do  not  colour  cellulose,  but  some  of  them,  as  the  soluble 
blues,  and  especially  Bayer’s  blue,  colour  callose.  The 
colourisation  is  the  more  adtive  as  the  sulphurisation  is 
more  complete;  thus  6  B  blue,  a  mixture  in  which  trisul- 
phonated  triphenylrosaniline  predominates,  is  the  most 
adtive  of  the  soluble  blues. 

The  second  triphenylmethane  group  is  formed  of  the 
alkaline  salts  of  rosolic  acid,  which  dye  callose  and  cellu¬ 
lose  diredtly. 

The  third  group  is  formed  of  eosines,  a  salt  of  fluores- 
ceine,  such  as  eosine,  erythosine,  phloxine,  which  colour 
nitrogenous  matters  strongly,  but  do  not  attach  them¬ 
selves  to  callose  or  cellulose. 

The  manipulative  details  will  be  described  in  a  future 
communication. — Comptes  Retidus,  cxi.,  p.  120. 


CHEMISTRY  AND  MINERALOGY.* 

By  Professor  E.  H.  RENNIE,  M.A.,  D.Sc.,  University  of  Adelaide. 
(Concluded  from  p.  47). 


If  we  inquire  now  what  has  been  done  in  the  region  of 
mineral  chemistry  (I  am  speaking,  remember,  chiefly  from 
a  purely  scientific  point  of  view),  we  shall  find,  I  think, 
that  in  this  department  even  less  has  been  accomplished. 
It  is  true  we  have  a  large  number  of  analyses  in  official 
reports  of  one  kind  and  another,  but  these  have,  for  the 
most  part,  been  undertaken  and  published  purely  from  a 
commercial  point  of  view,  and  there  has  been  very  little 
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careful  and  systematic  analysis  of  the  less  common  and 
less  useful  minerals,  of  which  many  varieties  are  to  be 
found.  So  far  as  I  have  been  able  to  ascertain  there  is 
scarcely  any  record  of  the  discovery  of  the  rarer  elements. 
The  only  instance  I  have  come  across  is  the  analysis  of  a 
sample  of  nionazite,  which  was  examined  by  Mr.  Dixon, 
of  the  Technical  College,  N.S.W.,  and  which  he  found  to 
contain  Cerium,  Lanthanum,  Thorium,  and  Didymium. 
In  one  or  two  instances  some  of  the  less  rare  elements 
have  been  discovered ;  for  example,  Mr.  Mingaye,  at  the 
first  meeting  of  this  Association,  proved  the  presence  of 
considerable  quantities  of  tellurium  in  some  bismuth  ores 
from  Captain’s  Flat,  N.S.W.,  and  some  years  ago  I 
showed  that  the  appearance  of  brilliant  yellow,  reddish, 
and  green  colourations  on  white  bricks  made  in  the 
neighbourhood  of  Sydney  were  due  to  the  presence  of 
vanadium.  I  have  found  small  quantities  of  vanadium 
widely  distributed  in  many  clays  in  the  neighbourhood  of 
Sydney.  But  is  it  not,  to  say  the  least  of  it,  highly 
probable  that  in  the  large  areas  of  mineral  country 
which  exist  in  so  many  parts  of  Australasia  there  are 
waiting  to  be  found  many  minerals,  possibly  many 
new  ones,  containing  either  considerable  quantities 
of  rare  but  already  known  substances,  or  perhaps  even 
new  elements?  ’  That  they  have  not  been  found  I 
attribute  to  the  fadt  that  the  search  for  minerals  has 
been  almost  entirely  diredted  to  the  finding  of  gold  or 
other  payable  metals.  We  have  heard  a  good  deal  of 
Broken  Hill,  perhaps  there  are  some  listening  to  me  who 
are  fortunate  enough  or  unfortunate  enough  to  know 
more  about  it  than  by  mere  hearsay,,  but  it  is  scarcely  to 
be  doubted  that  a  scientific  search  for  and  examination 
of  minerals  from  the  great  silver  field  would  yield  results 
of  great  interest.  Professor  Masson  and  Mr.  Kirkland 
have,  I  understand,  examined  a  considerable  number  of 
zinc  ores  from  that  distridt  for  gallium,  but  so  far  without 
success.  I  have  roughly  examined  the  flue  dust  from  the 
Dry  Creek  Smelting  Works  for  germanium,  but  so  far 
without  finding  any,  but  these  negative  results  need  not 
discourage  u=.  You  may  be  reminded  in  this  connedtion 
that  the  Goverment  assayer  of  N.S.W.  reports  the  dis¬ 
covery  of  platinum,  and  probably  therefore  some  of  the 
associated  metals,  in  some  minerals  from  somewhere  in 
the  Broken  Hill  region. 

This  department  of  chemical  science — I  mean  the 
search  for  new  or  imperfedlly  known  elements— has  ac¬ 
quired  great  interest  and  importance  in  view  of  the  great 
impulse  recently  given  to  the  study  of  the  periodic  law  of 
Newlands  and  Mendeleeff  by  various  chemists  in  Europe 
and  the  brilliant  researches  of  Crookes  on  the  nature  of 
several  of  these  so-called  elements.  It  may  not  be  out  of 
place  before  bringing  this  address  to  a  conclusion  to 
review  very  briefly  the  more  important  results  obtained  in 
this  dirediion  during  the  past  few  years,  the  questions 
involved  being  of  all  absorbing  interest  to  both  chemists 
and  physicists.  It  is  evident  that,  whether  justified  by 
fadts  or  not,  there  is  a  growing  disbelief  in  the  elementary 
charadter  of  the  so-called  elements,  and  this  disbelief  has 
arisen  from  results  obtained  in  two  different  lines  of  re¬ 
search,  namely,  a  more  thorough  study  of  the  periodic 
law,  and  the  spedtroscopic  investigations  of  Crookes  and 
others. 

One  of  the  most  important  papers  on  the  periodic  law 
was  that  read  before  the  British  Association  at  Aberdeen, 
in  1886,  by  Carnelley.  He  brought  out  very  clearly  the 
analogies  between  the  elements  so  called  when  arranged 
according  to  the  periodic  law  and  series  of  hydrocarbon 
radicles  and  their  derivatives,  and  showed  that  it  is  possi¬ 
ble  to  build  up  a  series  of  compounds  of  two  primary 
elements  corresponding  in  many  respedts  to  the  known 
series  of  elements,  and  he  advances  the  speculation  that 
all  of  the  latter,  except  hydrogen,  may  be  compounds  of 
two  substances,  one  with  atomic  weight  20,  and  the  other 
with  atomic  weight  —2,  the  latter  being  identical  with 
the  ether  which  exists  all  through  space  and  matter  as  the 
medium  of  transmission  of  heat  and  light.  Dr.  Carnelley 
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puts  this  forward  merely  as  a  speculation,  and  though  the 
idea  of  a  substance  with  negative  atomic  weight  may  be 
to  ethers,  as  to  myself,  very  difficult  to  grasp,  there  can 
be  no  doubt  that  his  paper  is  a  very  valuable  contribution 
to  the  study  of  the  causes  underlying  the  periodic  law. 

By  the  adoption  of  a  form  of  zigzag  curve  Emerson 
Reynolds  succeeded  in  indicating  much  more  clearly  than 
by  the  ordinary  tabular  system,  the  relations  and  contrasts 
between  the  various  members  of  the  different  periods, 
bringing  into  prominence  especially  the  following  note¬ 
worthy  points  : — (1)  The  possibility  that  hydrogen  is  not 
the  first  member  of  Mendeleeff’s  first  period,  but  the  last 
— in  other  words,  that  there  is  still  room  for  elements  of 
lighter  atomic  weight  than  hydrogen.  (2)  The  possible 
non-existence  of  Mendeleeft’s  ninth  period,  which  includes 
at  present  only  the  metal  Erbium;  and  (3)  the  inter- 
periodic  character  of  the  triplet  group  Fe.  Ni.  Co.,  Rh. 
Ru.  Pd.,  and  Ir.  Os.  Pt. 

Crookes,  in  his  ledlure  on  the  “  Genesis  of  the  Ele¬ 
ments,”  adopted  a  slightly  modified  form  of  the  curve 
proposed  by  Reynolds,  and  of  it  he  says,  “The  more  I  ponder 
over  the  arrangement  of  this  zigzag  curve  the  more  I 
become  convinced  that  he  who  fully  grasps  its  meaning 
holds  the  key  to  unlock  some  of  the  deepest  mysteries  of 
creation.”  Using  it  as  an  illustration,  he  sketches  out  a 
possible  evolution  of  the  substances  known  to  us  as  ele¬ 
ments  from  an  original  or  primordial  matter,  which  he 
calls  protyle,  and  in  this  sketch  he  explains  the  possible 
formation  of  such  groups  as  the  three  triplets  already 
referred  to,  and  that  of  the  Cerium  metals,  the  characteris¬ 
tics  of  which  he  has  done  so  much  to  elucidate.  While 
on  this  subjedl  of  the  graphic  representation  of  the 
periodic  law,  attention  should  be  drawn  to  a  curious 
paper  by  the  Rev.  Dr.  Haughton,  read  before  the  Royal 
Irish  Academy  in  1888,  in  which,  by  a  geometrical  repre¬ 
sentation  of  the  law,  he  brings  out  some  interesting  and 
hitherto  unnoticed  points,  and  indicates  in  a  very  graphic 
manner  the  isolation  of  hydrogen  and  the  points  at  which, 
in  his  opinion,  there  are  still  to  be  found  missing  ele¬ 
ments. 

The  other  line  of  investigation,  which  has  led  to  serious 
doubt  as  to  the  accuracy  of  the  hitherto  generally  accepted 
notions  of  the  'nature  of  the  so-called  elements,  is  the 
purely  experimental,  as  developed  by  Crookes  and  others 
in  researches  on  the  rare-earth  metals.  By  long  and 
tedious  experiments  Crookes  has  succeeded  in  splitting  up 
yttrium,  for  example,  into  several  substances,  which  are, 
at  any  rate,  spectroscopically  distindl,  but  which  are  so 
closely  related  chemically  that  they  are  indistinguishable 
by  ordinary  methods.  He  believes  it  will  be  possible  to 
obtain  similar  results  with  other  substancer,fif  only  the 
right  methods  can  be  found  ;  in  fact,  he  has  adlually  found 
indications  of  the  commencement  of  a  like  separation  in 
other  cases  than  that  of  yttrium.  Reasoning  on  these 
fadts  he  has  modified  his  views  as  to  the  charadler  of  the 
elements,  and  is  now  inclined  to  regard  them,  not  as  made 
up  of  a  number  of  atoms  of  rigorously  the  same  weight,  ( 
but  as  consisting  of  groups  of  atoms  of  which  the  mean  J 
atomic  weight  is  pradlically  constant,  but  which  differ  in 
weight  among  themselves  to  a  small  but  finite  extent. 
This,  in  his  view,  would  be  the  natural  consequence  of  the 
generation  of  the  elements  from  a  primordial  matter,  and 
if  I  understand  him  aright,  he  believes  that  in  such  groups 
as  that  of  the  cerium  metals,  and  others  of  which  the 
members  closely  resemble  one  another,  we  have  traces 
remaining  of  an  imperfedt  differentiation  into  the  distindt 
substances  we  have  been  acccustomed  to  call  elements, 

In  his  Faraday  ledlure,  delivered  last  year  before  the 
Chemical  Society  of  London,  Mendeleeff  criticises  some¬ 
what  severely  these  views  as  to  the  charadler  and  origin 
of  the  elements.  He  objedts  to  the  representation  of  the 
periodic  law  in  the  form  of  curves,  as  used  by  Reynolds, 
Crookes,  and  Haughton,  on  the  ground  that  a  curve  as 
ordinarily  used  indicates  a  continuous  and  unbroken 
series  of  points,  and  that,  therefore,  at  any  and  every 
point  of  such  a  curve,  there  should  be  a  corresponding 


element — in  other  words,  this  method  of  representation 
implies  an  infinite  number  of  elements — so,  at  least,  I 
understand  his  objedtion.  It  would  appear,  however,  that 
this  criticism  is  based  upon  a  misconception  of  the  real 
objedt  of  these  so-called  curves,  which,  I  take  it,  are  not 
intended  to  be  understood  in  a  purely  mathematical  sense, 
but  simply  as  graphic  representations  of  the  periodic  law, 
which  enable  us  to  see  more  clearly  its  prominent  features. 
He  points  out  further  that  the  analogy  between  the  series 
of  elements  and  hydrocarbon  radicles,  worked  out  by 
Carnelley  (thought  previously  indicated  by  Pelopidas)  is 
weak  in  this  respedt,  that  whereas  the  series  of  natural 
elements  involves  an  increase  of  mass  as  we  pass  from 
one  member  to  another,  the  series  of  hydrocarbon  radicles 
involves  a  decrease,  and  that  therefore  there  is  no  true 
identity  of  periodicity  in  the  two  cases.  This  statement 
is,  of  course,  involved  in  Carnelley’s  assumption  of  a 
negative  atomic  weight.  As  regards  the  existence  of 
helium,  an  element  supposed  by  Lockyer  to  exist  in  the 
sun,  he  points  out  that  no  attention  is  paid  to  the  fadt 
that  the  helium  line  is  seen  only  in  the  spedtrum  of  the 
solar  protuberances,  nor  to  the  fadl  that  the  same  line  is 
wanting  among  the  Fraunhofer  lines  of  the  solar  spedtrum, 
and  therefore  does  not  answer  to  the  fundamental  con¬ 
ception  of  spedtrum  analysis,  and  he  further  criticises 
other  statements  regarding  the  alleged  spedtroscopic  in¬ 
dications  of  the  decomposition  of  the  elements.  He  does 
not,  however,  attempt  to  controvert  Crookes’s  results,  but 
says  : — “  From  the  foregoing  as  well  as  from  the  failures 
of  so  many  attempts  at  finding  in  experfment  and  specu¬ 
lation  a  proof  of  the  compound  charadler  of  the  elements 
and  of  the  existence  of  primordial  matter,  it  is  evident,  in 
my  opinion,  that  this  theory  must  be  classed  among  mere 
utopias.” 

The  supposition  of  Carnelley  that  the  ether  may  be  one 
of  the  forms  of  the  primordial  matter  has  been  already 
alluded  to.  Recent  physical  investigations  have  thrown 
a  wonderful  light  on  the  nature  and  fundtions  of  the  ether, 
for  a  simple  account  of  which  I  refer  you  to  that  fascinat¬ 
ing  book  by  Professor  Lodge,  entitled  “  Modern  Views  of 
Eledtricity.”  In  his  preface  to  the  work  he  says  “  the 
evidence  for  (the  existence  of)  ether  is  as  strong  and  diredt 
as  the  evidence  for  (the  existence  of)  air,”  and  he  regards 
it  as  “a  perfedtly  continuous,  subtle,  incompressible  sub¬ 
stance  pervading  all  space,  and  penetrating  between  the 
molecules  of  all  ordinary  matter,  which  are  embedded  in 
it  and  connedted  with  one  another  by  its  means.”  If  there 
be  such  an  all-permeating  form  of  matter,  does  it  not 
seem  improbable  that  this  substance  should  exist  separate, 
distindt,  and  different  from  all  other  forms  of  matter,  and 
having  no  share  in  their  composition  ?  Is  it  not  more 
likely  that  it  forms  an  essential  part  of  all  forms  of  matter 
known  to  us,  and  is  it  not  possible  that  the  known  effedts 
of  heat,  light,  and  eledlricity,  for  all  of  which  this  ether 
is  undoubtedly  the  means  of  transmission,  are  either  due 
to,  or  at  least  would  be  greatly  aided  by,  its  presence  as 
a  constituent  part  of  the  matter  upon  which  the  effedls 
are  produced  ?  You  are  doubtless  well  aware  that  Sir 
W.  Thompson  has  elaborated  what  is  known  as  the 
vortex  theory  of  matter,  which  represents  the  atoms  as 
vortex  rings  formed  of  the  substance  of  the  ether,  he 
having  demonstrated  that  vortex  motion  is  capable  of 
conferring  upon  a  fluid  such  as  the  ether  the  necessary 
rigidity.  In  speaking  of  this,  Professor  Lodge  says  : — 
“  The  atoms  of  matter  are  not  so  much  foreign  particles 
imbedded  in  the  all-pervading  ether,  as  portions  of  it  dif¬ 
ferentiated  off  from  the  rest  by  reason  of  their  vortex 
motion,  thus  becoming  virtually  solid  particles,  yet  with 
no  transition  of  substance  :  atoms  indestrudlible  and  not 
able  to  be  manufadtured,  not  mere  hard  rigid  specks,  but 
each  composed  of  whirling  ether — elastic,  capable  of 
definite  vibration,  of  free  movement,  of  collision.” 

Whatever  opinions  we  may  hold  on  these  subjedts, 
there  is  not  one  of  us  but  must  feel,  I  think,  that  the 
scientific  atmosphere  is  pregnant  with  coming  discoveries, 
though  the  boldest  prophet  may  well  hesitate  to  predidt 


CHAug“Li85oWS’(  Method  for  the  Reduction  of  Arsenic  Acid  in  Analysis. 


55 


what  they  will  be.  In  a  few  years  chemistry,  perhaps, 
will  be  reduced  to  a  mere  branch  of  the  all-embracing 
science  of  physics,  to  be  studied  by  differential  equations 
and  other  mathematical  processes  yet  to  be  invented. 
Already  it  is  becoming  more  and  more  necessary  for 
scientific  chemists  to  be,  not  mere  chemists,  but  also 
physicists  and  mathematicians.  Let  those  of  us  who  are 
not  able  to  plunge  into  the  more  abstruse  reasonings  upon 
which  some  of  the  recently  obtained  results  depend,  con¬ 
tent  ourselves  with  doing  our  utmost  to  discover  such 
new  fads  as  lie  within  our  reach,  to  aim  at  generalising 
these  fads  as  far  as  possible,  and  so  add  to  that  store¬ 
house  of  knowledge  by  means  of  which  those  possessed 
of  greater  powers  of  analytical  investigation  than  our¬ 
selves  may  be  able  to  elucidate  the  greater  problems  of 
nature  :  and  let  all  of  us  who  are  members  of  this  Asso¬ 
ciation  strive  to  make  it  such  an  influence  in  these 
colonies  that  Australasia  may  not  be  behind  the  rest  of 
the  world  in  its  eagerness  for  scientific  investigation  and 
ambition  to  produce  men  who  may  rank  among  the  great 
discoverers  of  future  years. 


A  METHOD  FOR  THE  REDUCTION  OF 
ARSENIC  ACID  IN  ANALYSIS.* * * §' 

By  F.  A.  GOOCH  and  P.  E.  BROWNING. 

Holthoff’s  development  of  Mohr’s  suggestion  relative 
to  the  redudion  of  arsenic  acid  to  the  lower  condition  of 
oxidation  by  the  adion  of  sulphurous  acid,f  with  the 
demonstration  that  arsenic  acid  can  be  evaporated  even 
to  dryness  in  presence  of  hydrochloric  acid  without 
danger  of  significant  volatilisation,  has  placed  the  analysis 
of  ordinary  compounds  of  arsenic,  both  natural  and 
artificial,  within  the  scope  of  Mohr’s  classical  and  exad 
method  of  determination  by  titration  with  iodine.  As 
Holthoff  left  the  method,  it  is  satisfadory  so  far  as  regards 
accuracy,  and  as  modified  by  McCay,£  who  substitutes 
for  the  four  hours’  digestion  heating  for  one  hour  in  a 
pressure  bottle,  is  eminently  successful.  In  the  account 
of  the  experiments  about  to  be  described  we  detail  our  ex¬ 
perience  in  an  attempt  to  shorten  still  further  the  process 
of  redudion  of  arsenic  acid  by  making  use  of  hydriodic 
acid  as  the  adive  agent  instead  of  sulphurous  acid. 

In  a  recent  paper§  we  have  described  a  method  for  the 
determination  of  iodine  in  haloid  salts,  based  upon  the 
adion  of  arsenic  acid,  in  the  presence  of  sulphuric  acid, 
according  to  the  equation — 

H3As04+2H-I  =  H3As03  +  H20  +  M, 

the  iodine  being  completely  volatilised,  but  leaving 
behind  in  the  arsenious  acid  produced  by  the  adion  the 
record  of  the  amount  of  hydriodic  acid  originally  present. 
This  readion  we  propose  to  utilise  conversely,  and  to 
employ  potassium  iodide  in  excess,  in  presence  of  sul¬ 
phuric  acid,  to  bring  about  the  redudion  of  the  arsenic 
acid  to  arsenious  acid,  which  may  be  determined,  after 
neutralisation,  by  the  iodine  method.  The  conditions  of 
the  method  are  different  that,  in  the  former  the  hydriodic 
acid  is  entirely  broken  up  by  the  adion  of  the  arsenic 
acid,  and  the  iodine  volatilises  easily;  while  in  the  latter 
some  hydriodic  acid  must  remain  in  solution  until  a  very 
low  degree  of  concentration  is  reached,  and  remaining 
must  exhibit  its  charaderistic  proneness  to  retain  free 
iodine. 

We  find  in  pradice  that  when  a  solution  made  up  to 
contain  sulphuric  acid,  an  arseniate,  and  potassium  iodide 
to  an  amount  somewhat  in  excess  of  that  theoretically 
demanded  to  effed  the  conversion  of  the  arsenic  acid  to 


*  Contribution  from  the  Kent  Chemical  Laboratory  of  Yale  College. 
From  the  American  Journal  of  Science,  vol.  xl.,  July,  1890. 

f  Zeit.  f.  Anal.  Chem.,  vol.  xxiii.,  p.  378. 

t  American  Chemical  Journal,  vii.,  373. 

§  American  Journal  of  Science,  vol.  xxxix.,  p.  1S8, 


arsenious  acid,  is  boiled,  iodine  is  evolved  and  the  colour 
of  the  liquid  passes  from  the  dark  red  when  the  iodine  is 
abundant  through  the  various  gradations  of  tint  to  a 
canary  yellow,  and  then,  as  the  sulphuric  acid  reaches  a 
degree  of  concentration  sufficient  to  determine  by  its  own 
specific  adion  the  liberation  of  iodine,  the  colour  again 
darkens,  and  if  the  process  of  concentration  is  continued, 
and  much  arsenic  is  present,  crystals  of  arsenious  iodide 
separate  and  form  more  abundantly  on  cooling.  If 
evaporation  is  pushed  still  further  the  arsenious  iodide 
begins  to  volatilise,  and  at  the  point  where  the  sulphuric 
acid  fumes  the  liquid  loses  all  colour  and  the  arsenic  has 
vanished  more  or  less  completely.  In  one  experiment 
conduded  in  this  manner  it  was  found,  by  the  method  to 
be  described  later,  that  of  0*3861  grm.  of  arsenic  pent- 
oxide  originally  present  with  1  grm.  of  potassium  iodide 
and  ioc.m.3  of  sulphuric  acid  [1 : 1]  the  equivalent  of  0*1524 
grm.  remained.  In  another  similar  experiment,  in  which, 
however,  only  a  few  m.grms.  of  arsenic  oxide  were 
involved,  not  a  trace  of  arsenic  remained  at  the  end. 

It  is  obvious  that  two  points  in  this  course  of  adion 
demand  examination  at  the  outset.  First,  means  must  be 
found  for  removing  the  remnant  of  free  iodine  which  is 
withheld  by  the  hydriodic  acid  ;  or  of  rendering  it  harm¬ 
less  in  the  titration  process  to  follow;  and,  secondly,  the 
degree  to  which  the  solution  may  be  concentrated  without 
loss  of  arsenic  must  be  fixed.  In  our  work  upon  the 
converse  of  this  process,  we  noted  particularly  the  marked 
influence  of  the  amount  of  sulphuric  acid  present  upon 
the  degree  of  concentration  necessary  to  expel  the  iodine. 
We  turned  attention,  therefore,  at  once  to  this  point  in 
the  present  case  and  investigated  the  effed  of  varying  the 
proportion  of  sulphuric  acid  in  solutions  containing 
definite  amounts  of  potassium  iodide  and  potassium 
arseniate.  The  volume  of  the  solution  was  made  up  to 
about  100  c.m.3  and  concentrated  by  boiling  until  the 
colour  was  faintest.  Then,  to  determine  provisionally, 
and  for  preliminary  purposes,  the  point  at  which  volatili¬ 
sation  of  arsenic  was  likely  to  occur,  the  concentration 
was  continued  until  the  arsenious  iodide  began  to  separate. 
The  results  are  tabulated  as  follows: — 


KI. 

Grm. 


As205. 

Grm. 


Volume  when 
H2S04[i:iJ.  colour  was 
lightest. 
C.m. 3.  C.m. 3. 


Volume 
when  AsI3 
appeared. 
C.m. 3. 


I 

o*igoo 

20 

80 

I 

o*igoo 

15 

65 

I 

o*igoo 

10 

40 

I 

o’lgoo 

5 

30 

33 

25 

19 

II 


The  amount  of  sulphuric  acid  which,  considering 
rapidity  in  concentrating  to  the  proper  point,  ease  in 
neutralising  the  acid  previous  to  titration,  and  general 
convenience  in  manipulation,  seemed  to  be  best  was  10 
c.m.3  of  the  mixture  made  by  diluting  the  acid  with  an 
equal  volume  of  water.  This  we  fixed  upon  for  use  in 
future  experiments,  and  set  the  limit  of  concentration  at 
40  c.m.3. 

It  is  manifest  from  the  phenomena  described  that  when 
much  hydriodic  acid  remains  in  the  solution  the  last  por¬ 
tions  of  free  iodine  cannot  be  completely  removed  by  heat 
without  volatilisation  of  the  arsenic.  We  experimented, 
therefore,  upon  the  effed  of  very  dilute  sulphurous  acid 
upon  the  remnant  of  iodine  in  liquids  constituted  as 
described  and  concentrated  to  40  c.m.3,  the  point  of 
minimum  colour,  the  solution  of  sulphurous  acid  which 
we  employed  corresponding  approximately  to  centinormal 
iodine.  We  found  that  upon  adding  the  sulphurous  acid 
drop  by  drop  to  the  hot  concentrated  solution  the  point 
at  which  the  colour  vanished  could  be  determined  with¬ 
out  difficulty,  but  that  if  the  solution  was  permitted  to 
stand  a  single  minute  the  colour  of  iodine  returned, 
doubtless  developed  by  the  adion  of  air  upon  the  hot 
hydriodic  acid.  We  adopted,  therefore,  the  plan  of  at 
once  diluting  the  solution  with  cold  water  as  soon  as  the 
sulphurous  acid  had  done  its  work  and  immediately  neu- 
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tralising  with  potassium  carbonate.  When  this  mode  of 
proceeding  was  followed  we  were  unable  to  find  evidence 
of  reversion  of  arsenious  acid  to  arsenic  acid,  magnesia 
mixture  producing  in  the  solution  no  precipitate  of  the 
ammonium  magnesium  arseniate. 

Following  out  the  same  general  lines,  therefore,  we 
proceeded  to  the  quantitative  examination  of  the  pro¬ 
cess.  Portions  of  a  standard  solution  of  the  dihydrogen 
potassium  arseniate  were  measured  from  a  burette  into 
counterpoised  Erlenmeyer  flasks  of  250  c.m.3  capacity, 
and  the  increase  in  weight  was  taken  as  the  measure 
of  the  adtual  amount  of  the  solution  employed.  Potas¬ 
sium  iodide  in  solution,  and  10  c.m.3  of  sulphuric  acid 
[1  :  1]  were  added,  and  the  liquid  was  diluted  with  water 
to  a  volume  of  about  100  c.m.3.  A  trap  made  as  described 
in  this  paper  upon  the  reverse  of  this  process,  by  cutting 
down  a  two-bulbed  drying  tube,  was  hung  in  the  neck  of 
the  flask  to  prevent  mechanical  loss,  and  the  liquid  was 
rapidly  concentrated  by  boiling  until  the  volume  of  40  c.m.3, 
the  point  at  which  the  colour  of  iodine  had  faded  to  a 
pale  yellow,  was  reached.  At  this  point  the  flask  was 
removed  from  the  flame,  its  sides  and  the  trap  were 
quickly  washed  down,  the  weak  sulphurous  acid  was 
added  drop  by  drop  from  a  burette  until  the  colour  of  the 
free  iodine  had  just  vanished,  the  liquid  was  immediately 
diluted  with  cold  water,  the  free  acid  was  nearly  neutral¬ 
ised  with  potassium  carbonate,  and  the  point  of  neutralisa¬ 
tion  was  reached  and  passed  a  little  by  the  addition  of 
the  acid  potassium  carbonate.  After  cooling  completely 
a  definite  amount  of  starch  solution  was  added  and  the 
titration  of  the  arsenious  acid  was  proceeded  with  as 
usual,  due  correction  being  made  for  the  amount  of  iodine 
necessary  to  produce  the  end  colour  into  the  volume  of 
liquid  and  starch  solution  employed. 

The  value  of  the  standard  solution  of  the  arseniate 
was  fixed  by  two  series  of  determinations.  One  series 
was  made  according  to  Levol’s  method  of  precipitating 
the  ammonium  magnesium  arseniate  and  weighing  as  the 
pyroarseniate,  modified,  however,  in  that  the  precipitate 
was  collected  on  asbestos  in  a  perforated  crucible  and 
ignited  after  moistening  with  ammonium  nitrate.  In  the 
second  series  McCay’s  modification*  of  Reich’s  method 
was  followed,  excepting  that  the  silver  arseniate  was 
collected,  dried,  and  weighed  on  asbestos  in  a  perforated 
crucible.  The  mean  of  several  closely  agreeing  deter¬ 
minations  gave  for  the  contents  of  50  grms.  of  the 
solution  in  arsenic  pentoxide  as  0-3824  grm.  by  Levol’s 
method  and  0-3830  grm.  by  McCay’s  modification  of 
Reich’s  process.  We  took  the  mean  of  these  figures 
03827  grm.  as  the  standard  of  the  solution. 

The  details  of  the  experiments  with  this  solution  are 
recorded  in  the  following  table : — 


KI 

H2S04  [i  ;  i] 

AsaOs 

As2Os 

taken. 

taken. 

taken. 

found. 

Error. 

Grm. 

C.m.  3. 

Grm. 

Grm. 

Grm. 

r  r5 

10 

03861 

0-3862 

c-oooi  + 

i*5 

10 

03862 

03856 

o-ooo6  — 

.  r’5 

10 

03861 

0-3862 

O'OOOI  + 

1’5 

10 

03860 

0-3862 

0-0002  + 

i*5 

10 

03863 

0-3862 

O-OOOI  — 

c  r5 

10 

03862 

0-3862 

O’OOOO 

r  1 

10 

0-1927 

0-1922 

0-0005  — 

* 

10 

0-1928 

0-ig22 

0-0006  — 

J  1 

10 

0-1930 

0-1925 

0-0005  — 

j  * 

10 

0-1930 

o-ig27 

0-0003  — 

1  1 

10 

0-1936 

0-1929 

0-0007  — 

*•  1 

10 

0-1929 

0-1928 

0-0001  — 

Experiments  in  which  smallt  r  quantities  of  arsenic  were 
handled  were  made  similarly,  excepting  that  the  standard 
solution  from  which  portions  for  the  tests  were  measured 
was  made  by  diluting  the  former  standard  ten  times,  and 
centinormal  iodine  was  used  in  the  titrafion. 


*  American  Chemical  Journal,  vol.  viii.,  p.  77. 


KI 

H2S04  [  i  ;  i] 

As205 

As202 

Error. 

taken. 

taken. 

taken. 

found. 

Grm. 

C.m. 3. 

Grm, 

Grm. 

Grm. 

I 

10 

0-0383 

0-0380 

0-0003  — 

I 

10 

0-0383 

0-0385 

0-0002  + 

03 

10 

0-0383 

0-0384 

0-0001  + 

0-4 

TO 

0-0383 

0-0385 

0-0002  + 

0-3 

10 

0-0383 

0-0386 

0-0003  + 

0-2 

10 

0-0383 

0-0384 

0-0001  + 

0-2 

10 

0-0076 

0*0074 

0-0002  — 

0-2 

10 

0-0076 

0-0074 

0-0002  — 

0*2 

10 

0-0038 

0-0034 

0-0004  — 

0-2 

10 

0-0038 

0-0034 

0-0004  — 

When  the  amount 

of  hydriodic  acid  in 

solution  is  small 

correspondingly  small  amounts  of  iodine  are  retained  after 
concentration.  In  the  following  experiments  colourless 
solutions  were  obtained,  and,  for  the  sake  of  comparison 
with  the  previous  results,  these  solutions  were  neutralised 
and  titrated  without  treatment  with  sulphurous  acid,  there 
being  no  apparent  need  for  adding  it  in  these  cases. 


KI 

H3S04  [i  : i] 

As2Oa 

As20d 

taken. 

taken. 

taken. 

found. 

Error. 

Grm. 

C.m.  a. 

Grm, 

Grm. 

Grm. 

0-2 

10 

0-0038 

0-0035 

0*0003  — 

0-2 

IO 

0-0038 

0-0035 

0*0003  — 

It  appears,  therefore,  that  the  average  error  of  the 
whole  number  of  determinations  (twenty-four)  made  by 
this  process  amounts  to  rather  less  than  o  0002  grm.  —  , 
falling  between  extremes  of  0-0003  grm.  +  and  0-0007 
grm.  — .  The  entire  amount  of  arsenic  pentoxide  handled 
in  the  twenty-four  determinations  was  37352  grms.,  and 
of  this  3  7309  grms.  were  indicated  in  the  titration  as 
reduced  to  the  arsenious  condition.  The  loss  0-0047  grm. 
—  the  entire  error  of  the  process — amounts  to  0-13  per 
cent  of  the  amount  taken. 

Certain  experiments  were  made  to  see  whether  the 
period  of  evaporation  might  not  be  dispensed  with  by  so 
modifying  the  process  that  the  entire  amount  of  iodine 
set  free  in  the  action  of  the  sulphuric  acid,  the  arseniate, 
and  the  iodide  might  be  re  converted  at  once  by  sulphur¬ 
ous  acid  to  the  condition  of  hydriodic  acid.  The 
conversion  was  apparently  successful,  but  the  results  of 
the  modification  were  several  per  cent  below  the  truth, 
indicating  that  the  digestion  during  evaporation,  or  the 
removal  of  the  free  iodine,  or  the  combined  effedt  of  the 
two,  is  essential  to  the  completion  of  the  reduction  of  the 
arsenic. 

The  process  as  we  recommend  it  may  be  summarised 
briefly  as  follows: — To  the  arseniate  in  solution  are  to  be 
added  potassium  iodide  in  excess  of  the  amount  needed 
according  to  the  equation  to  complete  the  reduction,  and 
10  c.m.3  of  half  and  half  sulphuric  acid.  The  liquid  is  to 
be  diluted  to  about  100  c.m.  3  and  boiled  rapidly  (with 
the  precaution  of  trapping  as  described)  until  the  volume 
is  decreased  to  40  c.m.3.  The  colour  of  free  iodine  is  to 
be  bleached  by  cautious  additions  of  sulphurous  acid 
(corresponding  roughly  to  centinormal  iodinej  and 
instantly  diluted  with  water  and  neutralised  with  potas¬ 
sium  carbonate,  the  neutral  carbonate  at  the  first  and 
afterward  the  acid  carbonate.  The  whole  is  to  be  cooled 
and  titrated  as  usual  with  iodine,  using  starch  as  an 
indicator.  Its  advantage  is  in  the  rapidity  with  which  it 
may  be  executed,  the  whole  operation  being  easily  com¬ 
pleted  in  a  half-hour. 


On  Mannite  Hexachlorhydrine. —  Louis  Mourgues. — 
The  hexachlorhydrine  of  mannite,  CgHsClg,  melts  at 
137-5°,  boils  at  180 — 185°  under  a  pressure  of  0-03  metre, 
and  has  the  sp.  gr.  2-060.  It  has  a  rotatory  power  at  20° 
of  [a]D  =  + 180  32'.  It  is  insoluble  in  water,  very  soluble 
in  ether,  benzene,  chloioform,  ligroine,  &c.,  sparingly 
soluble  in  alcohol.  Boiling  concentrated  alkalies  do  not 
attack  it.  It  is  dissolved  by  hot  sulphuric  acid,  but  re¬ 
precipitated  on  cooling. —  Comptes  Rendus,  cxi.,  No. 2. 
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THE  DRY  ASSAY  OF  TIN  ORES.* 
Part  I. 

By  HEINRICH  O.  HOFFMANN, 
Assistant  Proiessor  of  Mining  and  Metallurgy. 


The  tin  deposits  of  the  Black  Hills,  discovered  some  ten 
years  since,  are  beginning  to  attradl  very  general  atten¬ 
tion,  and  the  question  how  to  treat  the  ores  to  the  best 
advantage  has  become  a  pressing  one.  No  systematic 
investigation  of  this  subjedt  has  been  made  until  quite 
recently,  when  it  was  taken  up  by  the  Dakota  School  of 
Mines,  and  the  ores  tested  as  to  their  tenour  and  proper 
mode  of  treatment.  In'  the  assay  laboratory  numerous 
determinations  were  made  of  the  percentage  of  black  tin 
in  the  ore  bodies,  and  of  the  metallic  tin  contained  in  it. 
The  occurrence  of  tin  in  the  Black  Hills  being  different 
from  that  in  other  parts  of  the  world,  the  usual  mode  of 
procedure  had  to  be  somewhat  modified. 

The  objedt  of  this  paper  is  to  give  the  results  of  the 
writer’s  effort  to  discover  the  best  method  of  assaying  the 
tin  ores  in  the  dry  way.  His  task  divided  itself  under 
three  heads,  in  the  following  order  : — 

1.  To  test  the  different  methods  of  assaying  purified 

black  tin  in  the  dry  way. 

2.  To  study  the  influence  upon  the  assay  of  the  different 

minerals  associated  with  the  black  tin. 

3.  To  find  by  what  simple  and  rapid  means  the  cassiterite 

could  most  effedtually  be  freed  from  its  gangue. 

The  apparatus  used  was  that  to  be  found  in  any 
ordinary  assay  laboratory  (the  pulp-balance  being 
sensitive  to  1  m.grm.),  as  it  was  the  aim  to  furnish  quick 
and  reliable  methods  with  simple  appliances.  That  dry 
assays  of  black  tin  have  not  the  same  degree  of  accuracy 
as  wet  assays  is  well  known,  but  they  suffice  for  the 
determinations  necessary  in  metallurgical  work.  If 
great  exactness  is  required,  recourse  must  be  had  to  one 
of  the  two  wet  methods, — that  of  Rose  (fusing  with 
sulphur  and  sodium  carbonate,  and  converting  the  in¬ 
soluble  stannic  oxide  into  soluble  stannic  sulphide),  or 
that  of  Rivot  (reducing  the  stannic  oxide  in  a  current  of 
hydrogen  to  metallic  tin,  which  is  then  readily  soluble). 

The  cassiterite  occurring  in  the  Black  Hills  tin  ores  is 
quite  pure,  as  is  shown  by  the  following  analyses!  of  lode 
tin  and  stream  tin  : — 

Lode  tin  : — 

Occidental  Mine  ..  ..  96'42  Sn02. 


Tin  Mountain . 97-50  ,, 

First  Find . 94-70  >> 

Stream  tin  : — 

Nigger  Hill  . 92-60  ,, 

Nigger  Hill  . 93'oo  „ 

Southern  Hills .  92-80  ,, 


Stannite  has  lately  been  found  in  one  locality.  The 
cassiterite  has  an  adamantine  lustre,  and  its  colour  varies 
from  brown  to  black,  the  light  varieties  being  rare.  The 
minerals  associated  with  the  cassiterite  that  are  of 
interest  to  the  assayer  are  iron  pyrites,  arseno-pyrites, 
in  a  very  few  instances  galena  and  blende,  quartz,  feld¬ 
spar,  mica,  tourmaline,  garnet,  and  columbite  (tantalite). 
The  sulphides  occur  rarely,  and  then  always  in  small 
quantities ;  quartz  and  silicates  form  the  gangue  ; 
columbite  (tantalite),  although  sometimes  found  in  the 
same  veins,  can  always  be  separated  by  hand-sorting. 
When  it  has  accumulated  in  the  stream  tin  deposits, 
which  occasionally  happens,  it  remains  with  the  purified 
black  tin.  Bismuth,  copper,  and  tungsten,  which  occur 
frequently  in  the  deposits  of  other  countries,  are  found 
very  sparingly. 

*  Read  at  the  Colorado  Meeting  of  the  American  Institute  of 
Mining  Engineers,  June,  1889.  From  the  Technology  Quarterly, 
Vol.  in.,  No.  2. 

+  Transactions  of  the  American  Institute  of  Mining  Engineers, 
xvii.,  pp.  595,  596. 


I.  The  Assay  in  General. 

Tin  that  is  to  be  assayed  in  the  dry  way  must  be 
present  in  the  form  of  oxide.  The  assay  proper  consists 
of  applying  in  a  crucible  at  a  high  temperature  reducing 
and  fluxing  reagents,  which  bring  the  stannic  oxide  to 
the  metallic  state  and  convert  the  gangue  into  a  liquid 
slag.  The  behaviour  of  stannic  oxide  and  of  metallic  tin 
at  an  elevated  temperature  causes,  however,  certain  diffi¬ 
culties,  which  make  the  results  often  less  accurate  than 
could  be  desired.  These  difficulties  are  :  — 

First.  That  some  of  the  resulting  metallic  tin  is  liable 
to  be  volatilised. 

Second.  That  metallic  tin  decomposes  the  alkali 
carbonates  used  as  fluxes,  forming  stannates,  which 
enter  the  slag. 

Third.  That  at  the  temperature  required  to  reduce 
the  stannic  oxide,  other  metallic  oxides  become  also 
reduced  to  the  metallic  state  and  alloy  with  the  resulting 
tin  button,  and  vitiate  the  assay. 

Fourth.  That  sulphates  are  reduced,  or,  if  sulphides 
are  present,  they  combine  diredtly  with  the  metallic  tin 
and  carry  it  into  the  slag. 

Fifth.  That  the  gangue  in  the  ore  is  always  siliceous. 
This  causes  loss,  as  the  stannic  oxide,  while  passing 
through  the  intermediate  state  of  stannous  oxide,  com¬ 
bines  with  silica  and  silicates. 

Sixth.  That  stannic  oxide  is  liable,  before  its  reduction 
has  begun,  to  combine  with  the  basic  fluxes  used  in 
assaying  and  form  stannates.  This  liability  increases  as 
the  quantity  of  the  flux  is  increased. 

Thus  it  will  be  seen  that  the  results  can  be  too  high 
(as  when  iron  enters  the  tin  button)  or  too  low  (as  when 
tin  is  carried  off  in  the  slag  as  stannate,  sulphide,  or 
silicate),  and  that  all  impurities  should  be  removed,  if 
possible,  before  the  adtual  dry  assay  takes  place.  The 
making  up  of  the  charge  must  also  be  regulated  to 
counteract  as  much  as  possible  the  bad  influences  of  the 
basic  fluxes. 

The  crucibles  used  in  assaying  tin  ores  are  the  ordinary 
clay  crucibles,  the  plumbago  crucible,  and  the  porcelain 
crucible.  The  naked  clay  crucible  has  the  disadvantage 
that  the  basic  fluxes  attack  the  clay  and  form  silicates, 
which  are  liable  to  slag  some  of  the  tin.  From  the  results 
obtained  by  the  writer  it  would  seem  that  the  material  of 
the  Battersea  crucibles  used  by  him  must  have  been 
much  better  than  that  of  the  crucibles  referred  to  by 
Berthier,*  as  no  appreciable  loss  resulted  from  their  use. 
P.  Rickettsf  recommends  the  lining  of  the  crucible  with 
chalk.  This  is  probably  to  avoid  the  adtion  of  the  basic 
fluxes  on  the  acid  material  of  the  crucible,  as  the  calcium 
oxide,  being  a  strong  base,  protedls  the  clay  of  the 
crucible  from  the  corrosive  adtion  of  the  alkali,  and  thus 
hinders  the  formation  of  an  alkali  silicate.  An  outline  of 
his  method  having  been  obtained  from  Dr.  Ricketts,  the 
lining  was  made  from  the  so-called  “  prepared  chalk”  of 
the  druggist  in  the  following  manner: — The  prepared 
chalk  was  mixed  with  water  in  an  enamelled  iron  dish  to 
the  consistency  of  cream.  It  was  then  allowed  to  stand, 
that  the  coarse  gritty  particles  might  settle  and  colledt 
at  the  bottom.  The  chalk  emulsion,  now  freed  from  im¬ 
purities,  was  poured  off  and  was  ready  for  use.  To  line 
the  crucible,  it  was  half  filled  with  the  chalk  mixture, 
the  upper  half  being  coated  by  giving  the  crucible  a 
rotary  motion,  after  which  the  excess  of  the  liquid  was 
poured  off.  The  crucible  was  then  placed  bottom  up  for 
five  minutes  to  drain,  after  which  it  stood  for  two  hours 
to  dry,  and  was  then  ready  for  use.  The  coating  obtained 
was  thin,  uniform,  and  smooth.  If  the  crucible  be  filled 
entirely  with  the  mixture,  and  this  be  allowed  to  remain 
a  little  while  before  being  poured  off,  the  coating  will  be 
less  uniform  on  the  sides,  part  of  the  naked  crucible  will 
be  exposed,  and  the  lining  at  the  bottom,  being  too  thick, 


*  “Traite  des  Essais  par  la  Voie  Seche,”  Liege,  1847,  vol.  ii., 
p.  485. 

t  “  Notes  on  Assaying,”  8th  Ed.,  New  Vork,  1886,  pp.  88,  89. 
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will  crack  when  it  dries.  If  a  greater  thickness  is  wanted 
than  can  be  obtained  by  one  coat,  it  can  only  be 
properly  put  on,  a  layer  at  a  time,  as  above,  until  the 
desired  thickness  is  reached.  The  effect  of  the  lining  was 
disappointing ;  it  did  not,  as  will  appear  later,  prove 
useful,  but  rather  the  reverse. 

Another  highly  recommended  lining  is  one  of  charcoal. 
The  fluxes  do  not  aCt  chemically  upon  it,  and  its  reducing 
power  makes  it  unnecessary  to  add  any  charcoal  to  the 
assay  ;  a  reducing  atmosphere  is  kept  up  during  the 
entire  operation.  Berthier*  states  that  he  obtained  4  per 
cent  more  tin  in  a  brasqued  crucible  than  in  a  naked  one, 
although  even  then  he  recovered  2  per  cent  less  tin  than 
was  present. 

The  following  method  of  brasquing,  which  differs  some¬ 
what  from  any  of  those  described  and  recommended  in 
the  books,  proved  the  most  satisfactory.  Pine  charcoal 
is  pulverised  and  screened  through  a  40-mesh  sieve  ;  the 
fine  powder  is  then  mixed  with  molasses  and  water  in  a 
suitable  flat  dish,  and  kneaded  with  the  fingers  until  a 
homogeneous  mass  is  obtained,  which,  when  squeezed  in 
the  hand,  coheres  into  a  lump,  and  has  not  sufficient 
moisture  to  adhere  to  the  hand. 

Different  proportions  of  molasses — the  ordinary  New 
Orleans  molasses  being  used — and  water  were  tried. 
Molasses  alone  with  charcoal  gave  a  sticky  shiny  mass, 
which  cracked  on  the  sides  and  the  bottom  of  the  crucible 
as  it  dried ;  two  parts  by  volume  of  molasses  and  one  of 
water  behaved  better,  only  the  bottom  cracking  ;  three 
parts  of  molasses  and  one  of  water  gave  the  desired 
mixture. 

The  crucible  is  moistened  by  dipping  into  water  and 
quickly  removing  it.  It  is  then  partly  filled  with  the 
charcoal  paste,  and  this  is  pressed  with  the  fingers 
against  the  sides  and  the  bottom,  a  slight  excess  of  material 
being  used.  Then  a  conical  wooden  plug,  which  has  been 
dipped  in  water,  is  forced  by  hand  into  the  charcoal  paste 
and  turned  round  and  round,  the  excess  escaping  over  the 
edge  of  the  crucible.  A  few  light  taps  with  a  mallet  help 
to  make  the  lining  more  compact.  The  wooden  plug  has 
a  mark,  and  when  this  reaches  the  upper  rim  of  the 
crucible  the  plug  is  withdrawn  with  the  same  rotary 
motion  with  which  it  was  forced  in.  It  has  the  form  of  a 
long  cone,  the  point  being  slightly  flattened.  Its  size  is 
such  that  when  forced  into  the  crucible  down  to  the 
mark,  the  lining  at  the  bottom  will  be  3  inch  thick.  This 
thickness  decreases  until  near  the  upper  edge  of  the 
crucible,  where  it  is  only  i  inch.  It  is  then  rounded  off 
until  even  with  the  inner  edge  of  the  crucible,  and  the 
sides  are  polished  with  a  strong  test-tube  to  prevent  any 
particles  of  tin  from  adhering,  and  to  obstruct  the  filtering 
of  fluxes  through  it.  In  drying,  it  is  best  to  place  the 
crucible  upside  down  ;  otherwise  the  lining  is  liable  to 
separate  from  the  wall,  especially  if  it  dries  too  rapidly. 
When  a  little  skill  has  been  acquired  it  takes  four-and-a- 
half  hours,  including  the  preparation  of  the  mixture,  to 
line  fifty  Battersea  crucibles,  half  of  size  F  and  half  of 
size  C. 

It  will  be  seen  that  this  lining  is  quickly  made ;  it  dries 
quickly  without  cracking,  and  is  hard  when  dry.  After 
being  in  the  fire,  it  is  rapidly  removed  from  the  crucible, 
which  can  be  used  again,  and  is  so  compact  and  hard 
that  it  is  difficult  to  break  the  thin  upper  edge  with  the 
fingers,  while  the  thick  lower  part  has  to  be  broken  with 
the  hammer. 

In  summing  up  the  subject  of  brasqued  crucibles,  it 
may  be  said  that,  although  charcoal  linings  are  perfect 
from  a  chemical  point  of  view,  their  use  has  pradtical 
objedtions  because  of  the  separating  of  fine  tin  from  fine 
slag  in  the  pan.  The  results  to  be  described  will  show 
that  crucible  linings  are,  in  faCt,  unnecessary. 

The  plumbago  crucible  stands  between  the  naked  and 
the  brasqued  crucibles,  for  while  the  adtion  of  the  fluxes 
on  the  clay  is  weakened  by  the  plumbago,  the  neutral 
charadter  of  the  latter  is  slightly  modified  by  the  clay 

*  “  Traite  des  Essais,”  1847,  vol.  ii.,  p.  4S5. 
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that  binds  it  together.  Plumbago  crucibles  are  frequently 
used  in  the  Cornish  assay,  but  we  shall  see  that  this 
method  is  unreliable,  and,  as  the  plumbago  crucible  is 
expensive,  more  need  not  be  said  about  it. 

Finally,  the  porcelain  crucible  used  by  Levol  has  the 
same  disadvantages  as  the  naked  clay  crucible,  although 
in  a  less  marked  degree. 

II.  Preparation  of  the  Ore  for  the  Experiments. 

The  more  representative  lode  tin  not  being  available  in 
sufficient  quantities  to  be  made  the  basis  of  the  following 
experiments,  stream  tin  from  the  Nigger  Hill  distridt  had 
to  be  resorted  to.  The  cassiterite  of  the  Bismarck  distridt 
would  have  been  the  most  desirable  of  all,  as  it  is  the 
purest.  It  is  found  in  quartz,  and  has  comparatively  no 
deleterious  minerals  occurring  with  it.  This  makes  the 
separation  of  the  black  tin  from  the  gangue  simple  and 
perfedt.  The  other  lode  tins,  as  well  as  all  the  stream 
tins  ofthe  Black  Hills, have  a  number  of  minerals  occurring 
with  them  which  are  difficult  of  removal ;  for  instance, 
garnets. 

The  first  pulverising  of  the  ore  was  performed  with  the 
distance  of  i  inch  between  the  faces  of  the  sample- 
grinder.  The  crushed  ore  was  then  screened  through  a 
40-mesh  sieve.  At  the  second  grinding  the  faces  of  the 
machine  were  brought  somewhat  nearer  together,  and  the 
sifting  afterwards  repeated.  The  operation  was  con¬ 
tinued  until  the  ore  had  all  become  fine  enough  to  pass 
through  the  sieve,  with  the  exception  of  some  mica,  which 
was  thrown  out.  This  gradual  method  was  used  in  order 
to  prevent  the  cassiterite  from  becoming  too  fine,  as  a 
large  amount  might  thus  have  been  lost  in  the  washing  of 
the  ore.  The  pulp  obtained  was  then  roasted  in  a  muffle 
to  decompose  any  sulphides  and  arsenides  that  might  be 
present.  After  roasting,  and  while  still  hot,  it  was  thrown 
into  cold  water,  to  make  silicates,  not  otherwise  attacked 
by  acids,  decomposable.  It  was  also  hoped  that  the  cas¬ 
siterite  might  thus  be  made  more  readily  reducible,  an 
expectation  which  the  event  fulfilled.  The  ore  was  now 
boiled  with  nitro-hydrochloric  acid,  to  remove  all  soluble 
metallic  compounds  ;  this  was  continued  until  no  more 
iron  was  perceived  to  go  into  solution.  The  ore  was  then 
washed  with  hot  water  and  transferred  to  the  gold  pan, 
where  the  panning  was  carried  on  irrespective  of  the  loss 
of  some  fine  tin  which  floated  off  with  the  tailings,  giving 
them  a  chocolate-brown  colour.  As  the  main  object  was 
to  obtain  a  pure  black  tin,  the  loss  was  unavoidable.  The 
panning  was  continued  until  no  more  impurities  were 
visible  to  the  naked  eye  ;  under  the  microscope,  however, 
particles  of  garnet  with  a  little  quartz  were  still  visible. 
The  black  tin  obtained  was  dried  and  intimately  mixed  by 
passing  it  repeatedly  through  a  20-mesh  screen  and  rolling 
it  on  glazed  paper.  The  now  uniform  ore  was  sampled 
down,  and  the  final  average  sample  pulverised  in  an  agate 
mortar  and  put  aside  for  chemical  analysis.  The  weight 
of  the  purified  black  tin  obtained,  which  was  to  form  the 
basis  of  the  experiments,  was  7^68  grms.  To  find  the 
size  of  the  different  particles,  500  grms.  were  taken  and 
screened  through  different-sized  sieves.  The  result  of 
the  mechanical  analysis  is  given  in  Table  I. 


Table 

I. 

Passed  through 

Remained  on 

sieve  No. 

sieve  No. 

Grms. 

Percent 

40 

60 

go 

18 

60 

80 

80 

l6 

80 

IOO 

65 

13 

IOO 

— 

265 

53 

— 

— 

500 

IOO 

The  veiy  brittle  character  of  the  cassiterite  will  be  seen 
from  this  table,  as  53  per  cent  of  the  entire  ore  passed 
through  a  sieve  of  100  meshes  to  the’.iinear  inch,  although 
as  has  been  said,  the  greatest  care  was  taken  to  grind  in 
such  a  manner  as  to  produce  as  small  an  amount  of 
slimes  as  possible. 
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III.  Analysis  of  the  Purified  Black  Tin. 

In  making  the  analysis  of  the  average  sample  of  the 
purified  black  tin,  the  Rose  method  was  followed,  as 
modified  by  Chauvenet,  who  substitutes  potassium  car¬ 
bonate  for  the  potassium  carbonate  commonly  used. 
Two  separate  determinations  were  made,  taking  0*5 
grm.  in  each  case  with  three  grms.  of  a  mixture  con¬ 
sisting  of  equal  parts  of  potassium  carbonate  and 
sulphur,  and  fusing  in  a  No.  1  Royal  Berlin  porcelain 
crucible.  The  first  sample  was  heated  three  quarters 
of  an  hour  over  a  Berzelius  alcohol  lamp,  and  then 
for  the  same  length  of  time  over  a  gasolene  lamp, 
after  which  the  fused  mass  was  treated  with  water  in  a 
beaker.  Brown,  gritty  cassiterite  now  became  visible  at 
the  bottom,  showing  that  the  decomposition  was  incom¬ 
plete.  The  soluble  potassium  sulphostannate  was  then 
filtered  off,  and  the  filtrate  acidulated  with  sulphuric  acid 
and  put  aside;  the  residue  on  the  filter  was  treated  with 
hot  dilute  nitric  acid,  and  the  iron,  manganese,  and  lime 
solution  also  kept.  The  residue  was  again  fused  with 
potassium  carbonate  and  sulphur,  but  in  a  different  way. 
The  No.  x  porcelain  crucible  was  placed  within  a  No.  3 
porcelain  crucible,  and  this  within  a  No.  6  plumbago 
crucible,  the  bottom  of  which  had  been  filled  with  refrac- 
toiy  material,  that  the  porcelain  crucible  might  be  nearly 
as  high  as  the  plumbago  crucible.  The  three  crucibles 
were  then  each  covered  with  a  lid,  and  the  fusion  per¬ 
formed  in  a  pot-furnace,  heated  with  anthracite  coal  at  a 
moderate  red  heat.  This  lasted  one  hour.  The  fused 
mass  was  then  treated  as  before,  and  the  resulting  de¬ 
composition  found  to  be  perfeff.  The  fusion  for  the 
second  analysis  was  made  diredttly  in  the  three  crucibles, 
and  was  complete  in  one  operation.  To  make  sure  of 
this,  the  fusion  was  repeated,  and,  on  acidulating  the 
aqueous  solution  with  sulphuric  acid,  the  precipitate  was 
found  to  have  the  milky  white  colour  of  sulphur. 

The  reason  that  the  first  fusion  over  the  gasolene  lamp 
was  not  successful,  although  prolonged  until  the  fused 
mass  became  dry,  must  be  sought  in  the  fadt  that  the  air 
was  imperfectly  excluded.  By  fusing  in  a  crucible  which 
is  enclosed  in  others,  this  exclusion  can  be  entirely 
accomplished  ;  in  faCt,  upon  removing  the  outer  lid  when 
the  crucible  had  been  taken  from  the  fire,  but  had  not  yet 
cooled,  a  strong  odour  of  sulphurous  acid  was  perceived, 
showing  that  not  only  had  the  air  been  excluded,  but 
that  the  fusion  had  taken  place  in  an  atmosphere  of 
sulphur.* 

The  analyses  were  both  made  by  the  usual  methods 
for  separating  iron,  manganese,  and  lime,  and  the  results 
coriesponded  so  closely  that  they  can  be  expressed  by  a 
common  average  :  — 


Sn02  .  86-24  =  fi7-84  Sn. 

Fe203  .  2-62 

Mn203  .  0-50 

CaO  .  o-66 

MgO  .  trace 

Insoluble  .„  ..  ..  n-ao 


99-41 

If  this  be  compared  with  the  analysis  of  the  purest 
crystal  of  Nigger  Hill  Stream  tint  that  could  be  found, — 

Sn02  . 93  06 

Fe203  .  3-08 

Insoluble  .  voo 


100-04 

it  will  be  seen  that  the  cleaning  of  the  stream  tin,  as 
described  above,  was  very  successful,  the  ore  sample 

showing  only  2-4  times  as  much  insoluble  residue  as  the 
crystal. 

(To  be  continued). 


use  of  the  three  crucibles  was  suggested  by  Dr.  W.  P. 
Headden,  Professor  of  Chemistry  at  the  Dakota  School  of  Mines. 

1  Report  of  the  Dakota  School  of  Mines,”  1888,  p.  142. 
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The  Foundations  of  Chemistry  (Grundlagen  der  Chemie). 

By  D.  Mendeleeff,  Professor  at  the  University  of 

St.  Petersburg.  Translated  from  the  Russian  by  L. 

Jawein  and  A.  Thillot.  St.  Petersburg:  Carl 

Ricker. 

For  a  work  on  the  principles  of  chemistry  to  be  worthy 
of  the  attention  of  any  save  the  merest  tyro  is  a  rare 
event.  No  less  rare  is  it  for  such  a  work  to  add  anything 
to  the  reputation  of  its  author,  especially  if  he  has 
already  acquired  a  high  and  widely  recognised  standing. 
\  et  such  an  exception  is  presented  by  the  work  before 
us.  Not  merely  pupils  but  savants  who  have  already 
“  won  their  spurs  ”  in  the  fields  of  research  may  read  the 
work  before  us  with  pleasure  and  profit.  Rarely  has  it 
been  our  good  fortune  to  meet  with  an  exposition  at  once 
so  profound  and  so  luminous,  of  the  scope  and  methods 
of  scientific  research,  of  the  ideas  of  matter,  element, 
phenomenon,  and  reaction.  We  may  here  remark  that 
the  English  language  has  lost  by  misuse  a  word  which 
would  have  been  very  useful  in  discussing  the  philosophy 
of  chemistry.  Our  “stuff”  is  the  exadt  rendering  of  the 
German  “stoff.”  Yet  whilst  “  stoff  ”  means  “  kind  of 
matter,  as  distinguished  from  body  or  portion  of  matter, 
the  English  “  stuff”  has  got  to  mean  (a)  a  kind  of  textile 
fabric,  ( b )  something  of  little  value,  and  (c)  rarely  a  kind 
of  matter,  simple  or  compound,  as  in  “  dye-stuff.”  We 
cannot  avoid  noticing  with  satisfaction  that  whilst 
01  ttoWol  of  scientific  authors  speak  of  all  phenomena  as 
being  ultimately  reducible  to  motion,  Prof.  Mendeleeff 
writes  that  we  endeavour  to  conceive  of  phenomena  as 
motion — an  important  distinction. 

lhe  author  does  not  entertain  the  view  that  our 
piesent  elements  have  been  developed  from  any  simpler 
state  of  matter  or  that  they  are  capable  of  mutual 
transition.  He  writes: — It  has  been  established  by 
speCtral  analysis  that  the  simple  bodies  exist  in  the  most 
lemote  stars,  and  that  they  bear  the  highest  temperatures 
which  can  be  reached  without  decomposition. 

1  he  faCts  elicited  by  the  spectroscopic  examination  of 
the  stars  seem  to  us  to  admit  of  a  different  interpretation. 
In  proportion  as  the  stars  are  more  brilliant  and  in  ap¬ 
pearance  hotter,  the  smaller  is  the  number  of  elements 
lecognised  in  their  speCtra,  whilst  those  which  are  less 
luminous  and  presumably  cooler  display  richer  and  more 
complicated  speCtra.  Hence  it  seems  not  unreasonable 
to  conclude  that  the  latter  class  contain  other  and  more 
numerous  elements  than  the  former — elements  which  can 
exist  only  at  lower  temperatures. 

Prof.  Mendeleeff  considers  that  the  next  great  task  of 
science  is  to  constitute  molecular  or  chemical  mechanics. 

I  he  general  laws  of  mechanics  recognised  by  Newton 
will  probably,  he  thinks,  form  the  initial  point  for  mole- 
cular  mechanics.  Passing  from  these  generalities  the 
author  proceeds  to  the  specialities  of  chemistry,  treating 
of  water  and  its  compounds,  of  its  composition,  and  of 
hydrogen. 

The  work  is  to  be  completed  in  eight  parts,  and  will 
apparently  extend  to  about  1000  pp. 


Principles  of  General  Organic  Chemistry,  By  Prof.  E. 
Hjelt.  Translated  from  the  Author’s  German  Edition 
of  the  Original  Work  by  J.  Bishop  Tingle,  Ph.D., 
F.C.S.  London  :  Longmans,  Green,  and  Co. 

It  is  refreshing  to  find  a  general  work  on  chemistry 
which  has  a  definite  purpose,  and  which  does  not  compel 
us  to  raise  unpleasant  questions  as  to  its  possible  raison 
d'etre.  We  have,  as  the  author  remarks,  systematic 
text-books,  large  and  small.  But  as  a  matter  of  necessity 
they  are  largely  filled  up  with  the  description  of  indi¬ 
vidual  compounds,  especially  if  new;  their  preparation, 
composition,  and  properties,  with  less  regard  to  the 
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meaning  and  the  mutual  bearing  of  all  these  fa&s. 
Hence  the  student,  like  the  traditional  Swabian  knight- 
errant,  cannot  see  the  forest  for  trees.  The  aim  of  Prof. 
Hjelt  has  been  to  present  concisely  and  clearly  “  the 
main  points  of  general  and  theoretical  organic  chemistry.” 

We  are,  further,  glad  to  note  that  the  translator  has 
not  thought  it  necessary  to  adapt  this  book  to  the 
supposed  needs  of  the  British  student  by  inserting  a 
string  of  examination  questions  or  by  re-arranging  the 
work  in  accordance  with  some  “  syllabus.” 

The  author,  in  defining  organic  chemistry,  makes  a 
clear  distinction  between  organic  compounds,  capable  of 
synthetic  reproduction,  and  being  in  general  the  by¬ 
products  or  the  rejectamenta  of  life,  and  organised  bodies, 
“the  special  material  conductors  of  the  vital  functions,” 
which  hitherto  have  not  been  obtained  artificially.  The 
study  of  such  bodies  should,  he  thinks,  be  more  correctly 
known  as  “  organic  chemistry.”  There  are,  of  course,  a 
number  of  questions  which  the  author  does  not  raise,  but 
which  the  “  chemistry  of  the  future  ”  will  some  day  have 
to  take  in  hand.  We  do  not  yet  know  why  carbon  lends 
itself  so  much  more  readily  than  the  other  elements  to 
the  formation  of  complicated  and  multiform  products, 
silicon  making  the  nearest  approach.  The  reason  com¬ 
monly  given  merely  pushes  the  difficulty  a  step  further 
away,  but  leaves  it  still  unsolved.  It  may  not  be 
irrelevant  to  remark  that  the  author,  like  Prof.  Mendeleeff, 
is  of  opinion  that  petroleum  is  not  a  product  of  the 
decomposition  of  organic  remains,  but  has  been  generated 
by  the  action  of  water  upon  ignited  iron  carbides  in  the 
interior  of  the  earth,  and  may  still  be  continuously  pro¬ 
duced. 

The  chapter  on  relations  between  colour  and  constitu¬ 
tion  will  be  found  exceedingly  instructive  for  the  student. 

In  these  days,  when  so  much  reading  is  demanded, 
great  caution  becomes  necessary  in  recommending  any 
work.  But  Prof.  Hjelt’s  treatise  may  be  advantageously 
taken  up  by  any  student  as  an  explanatory  accompani¬ 
ment  to  any  systematic  text-book. 


Law  of  Trade-Marks  and  their  Registration,  and  Matters 
connected  therewith,  including  a  Chapter  on  Goodwill ; 
together  with  the  Patents,  Designs,  and  Trade-Marks 
Acts  1887-88  and  the  Trade-Marks  Rules  and  In¬ 
structions  thereunder;  Forms  and  Precedents,  The 
Merchandise  Marks  ACt,  1887,  and  other  Statutory 
Enactments;  the  United  States  Statutes  1870-81  and 
the  Rules  and  Forms  thereunder;  and  the  Treaty  with 
the  United  States,  1877.  By  Lewis  Boyd  Sebastian, 
B.C.L.,  M.A.,  of  Lincoln’s  Inn.  Third  Edition. 
London  :  Stevens  and  Sons,  Limited. 

This  work  is  a  useful  companion-volume  to  Edmunds  on 
“  Patents.”  The  subjeCt-matter  in  this  case,  however, 
is  one  of  much  less  interest.  A  patent  may,  and  often 
does,  involve  questions  which  require  to  be  decided  by 
the  chemist,  the  physicist,  or  the  mechanician  as  the  case 
may  be.  In  disputes  on  trade-marks  nothing  of  this  kind 
can  arise. 

A  valuable  feature  of  the  work  before  us  is  that  it 
makes  clear  the  distinction  between  patent,  trade-mark, 
and  copyright,  which  are  often  confounded.  As  we  here 
learn,  in  the  case  of  a  trade-mark  “  the  article  sold  is 
open  to  the  world  to  manufacture,  and  the  only  right  the 
plaintiff  seeks  is  that  of  being  able  to  say  : — “  ‘  Don’t  sell 
any  goods  under  my  mark.’  The  property  and  right  to 
protection  is  in  the  device  or  symbol  which  is  invented 
and  adopted  to  designate  the  goods  to  be  sold,  and  not  in 
the  article  which  is  manufactured  or  sold.”  A  patent, 
while  it  lasts,  will  protect  a  process,  whilst  a  trade-mark 
obviously  cannot.  We  are  told  that  the  courts  will  dis¬ 
courage  any  attempt  to  prolong  the  term  of  a  patent  by 
means  of  a  trade-mark.  The  insertion  or  retention  in  a 
trade-mark  of  the  words  “  patent  ”  or  “  patented,”  so  as 
to  indicate  the  protection  of  an  existing  patent,  may  in¬ 
validate  a  trade-mark. 


On  the  other  hand,  “  a  copyright,  like  a  patent,  relates 
to  the  substance  of  an  article,  but  differs  in  that  it  has 
reference  to  a  literary  instead  of  a  material  production.” 
The  registration  of  trade-marks  under  the  Copyright  ACts 
is  shown  to  be  useless.  Still,  certain  quacks,  “  if  they 
will  permit  us  to  call  them  so,”  have  the  labels  for  their 
bottles,  pills,  and  other  alleged  curative  appliances 
registered  under  the  Copyright  ACts. 


On  Cremation.  A  Discourse  delivered  February  13,  1890, 

before  the  Natural  Science  Association  of  Mulhouse. 

With  an  Appendix  and  Five  Illustrations.  By  Prof. 

Dr.  Fried.  Goppelsrceder.  Mulhouse :  Wenz  and 

Peters. 

That  Prof.  Goppelsrceder,  as  a  chemist,  must  be  a 
champion  and  advocate  of  cremation  as  the  method  for 
disposing  of  the  bodies  of  the  dead  is  almost  a  matter  of 
course.  He  combats  most  ably  the  objections  which  have 
been  urged  against  this  pure  and  safe  mode  of  dealing 
with  masses  of  putrescent  and  often  morbific  matter.  He 
enumerates  several  more  or  less  (plausible  arguments 
which  have  been  advanced  by  the  adherents  of  interment. 
Foremost  comes  the  religious  scruple,  which,  though  it 
has  been  successfully  refuted  by  Lord  Shaftesbury  and 
Bishop  Fraser,  still  dominates  too  many  minds.  The 
expression  “  Christian  burial  ”  still  carries  with  it  much 
weight,  especially  in  a  country  like  Britain,  where  we  are 
governed  by  phrases  and  catch-words.  In  reality,  the 
idea  that  a  person  can,  by  the  incineration  of  his  remains, 
forfeit  all  hopes  of  a  future  existence  is  purely  material¬ 
istic. 

The  aesthetic  side  of  the  question  is  still  more  easily 
dealt  with.  For  a  couple  of  days  after  death  the  state  of 
the  corpse'may  be  likened  to  sleep.  But  could  the  poets 
and  novelists  who  dwell  on  this  similitude  ever  watch 
the  actual  process  of  putrefaction  to  its  end  they  would 
be  simply  sickened.  In  reality  the  ultimate  results  of 
incineration  and  of  putrefaction  are  the  same.  But  fire 
does  its  work  rapidly  and  without  the  formation  of  inter¬ 
mediate  products,  always  disgusting  and  frequently 
dangerous. 

The  third  objection — the  loss  of  manurial  matter — is  of 
little  weight.  Under  our  present  system  great  care  is 
taken  that  the  remains  of  the  dead,  even  a  century  after 
their  deaths  and  after  their  identity  has  been  lost  sight 
of,  shall  not  be  again  permitted  to  enter  into  the  great 
circulation  of  Nature.  We  have  heard  of  a  contractor 
who  was  conducting  alterations  in  a  churchyard  closed 
by  authority  being  prosecuted  for  having  sold  to  market- 
I  gardeners  some  loads  of  a  soil  formed  in  part  of  decayed 
human  remains.  Prof.  Goppelsrceder  very  rightly  suggests 
that  if  the  ash  of  cremated  corpses  is  not  preserved  in 
urns  it  had  better  be  given  back  to  the  soil. 

The  fourth  objection  is  raised  by  criminal  lawyers,  who 
fear  that  murders  may  remain  undiscovered  if  the  bodies 
are  destroyed  by  fire.  It  is  certainly  true  that  poisons 
have  been  detected  in  exhumed  bodies,  but  our  author 
shows  that  the  longer  a  corpse  has  remained  in  the  grave 
the  more  doubtful  becomes  the  evidence  to  be  obtained 
by  a  toxicological  examination.  What  is  wanted  is  a 
systematic  autopsy  in  all  cases.  Such  an  examination 
would  not  be,  on  the  average,  more  expensive  or  circum¬ 
stantial  than  the  perfunctory  scrutiny  of  a  coroner’s  jury. 

The  author  scarcely  lays  sufficient  weight  on  the 
pollution  of  soil,  waters,  and  air,  by  the  existence  of 
cemeteries.  The  charges  which  Dr.  Walker — “  Church¬ 
yard  Walker,”  as  he  was  named  by  parochial  anti¬ 
sanitarians — brought  against  the  old  City  churchyards 
now  hold  good  in  a  gradually  increasing  degree  against 
our  suburban  cemeteries.  We  have  visited  some  of  these 
establishments  in  calm  mild  weather,  and  have  detected 
odours  whose  nature  was  beyond  question  and  beyond 
rational  tolerance.  Details  we  cannot  give  ;  the  libel- 
laws  are  not  merely  the  shield  but  the  sword  of  the  quack 
and  of  the  perpetrator  of  nuisances. 
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Prof.  Goppelsrceder  might  have  noticed  a  semi-reform 
in  the  disposal  of  the  dead.  We  refer  to  the  so-called 
“earth  to  earth  ”  system  of  interment, which  differs  from 
that  in  common  use  merely  in  the  circumstance  that  the 
corpse  is  placed,  not  in  a  firm  wooden  coffin,  but  in  a 
slight  structure  of  wicker-work.  That  this  arrangement 
may  quicken  decay  we  admit,  but  that  it  can  alter  the 
nature  of  putrefadtion  and  render  it  free  from  nuisance 
and  danger  we  must  deny.  Hundreds  and  thousands  of 
men  and  horses  have  been  buried  on  battlefields  without 
any  coffins  at  all.  The  same  has  been  frequently  done 
in  visitations  of  pestilence,  but  in  neither  case  has  there 
been  any  absence  of  offence  or  any  impunity  from  danger. 
Most  decisive  is  an  observation  made  by  M.  Pasteur, 
with  a  quite  different  end  in  view.  Some  cattle  attacked 
by  splenic  fever  had  been  shot  and  buried  three  or  four 
yards  deep  in  the  soil.  Some  sheep,  penned  afterwards 
over  the  spot,  caught  the  very  same  disease.  The 
materies  morbi — whether  it  be  considered  as  organised  or 
unorganised — had  not  been  destroyed  by  burial  in  imme¬ 
diate  contact  with  the  soil,  but  had  been  conveyed  up  to 
the  surface  by  the  earth-worms.  When  once  there  the 
flies  would  effedt  its  distribution  and  even  its  inoculation 
into  man  and  beast.  In  case  of  visitations  of  the  plague 
cremation  is,  as  we  here  learn,  legally  compulsory  in 
Russia.  A  similar  law,  we  believe,  is  in  force  in  Brazil 
in  epidemics  of  yellow  fever. 

We  cannot  conclude  this  short  notice  of  a  valuable 
little  work  without  acknowledging  the  service  rendered 
by  Herr  Fr.  Siemens  to  the  cause  of  cremation  by  the 
application  of  his  regenerative  furnace. 


The  Colour  Reactions  of  the  Carbon  Compounds.  For 
Chemical,  Physiological,  Micro-chemical,  Botanical, 
Medical,  and  Pharmaceutical  Investigations.  Compiled 
by  Dr.  Emil  Nickel.  Second  Edition,  Revised  and 
Enlarged.  Berlin:  W.  H.  Peters. 

The  author  tells  us  in  his  preface  that  the  investigations 
here  made  public  have  sprung  from  a  study  of  the 
chemistry  of  lignification.  It  appeared  to  him  desirable 
to  submit  the  entire  sphere  of  the  coloured  reactions  of 
the  hydrocarbons  to  a  thorough  revision,  and  to  test  the 
customary  reagents  as  to  their  trustworthiness.  By  so 
doing  he  has  conferred  a  great  boon,  not  merely  on 
students  of  certain  departments  of  chemistry,  but  upon 
biologists  and  microscopists.  He  first  takes  up  the 
coloured  readtions  with  an  aromatic  character,  those  ob¬ 
tained  with  the  co-operation  of  nitrous  acid  and  its  de¬ 
rivatives  (exclusive  of  the  produdtion  of  the  azo-colours). 
Here  he  particularly  discusses  the  colour-readtions  with 
the  reagents  of  Millon,  Hoffmann,  Pliigge,  and  Lieber- 
mann  and  certain  new  readtions  with  new  reagents.  The 
above  readtions  he  proposes  to  classify  as  the  nitroso-re- 
adtions.  Then  follow  the  readtions  with  nitric  acid,  that 
with  xantho-proteic  acid,  Scherer’s  inosite  test,  and 
Serdel’s  readtion.  Next  we  have  the  colour-readtions, 
comprising  the  formation  of  the  azo-colours,  such  as 
Weselsky’s  readtion  and  its  extensions,  and  Ehrlich’s  re¬ 
adtions  with  paradiazobenzol  sulpho  acid. 

Chapter  IV.  treats  of  the  colour  readtions  which  depend 
on  the  formation  of  triphenylmethane  dyes  and  analogous 
compounds. 

Next  we  come  to  coloured  readtions  in  which  ferric  salts 
and  chromates  are  concerned.  Here  the  caution  is  given 
that  these  readtions  are  not  necessarily  specific,  and  that 
they,  consequently  do  not  at  once  prove  the  presence  of 
tannin  or  its  modifications. 

In  the  second  part  the  author  considers  colour-readtions 
in  which  nuclei  are  not  concerned  and  those  with  an  un¬ 
known  charadter.  Here  belong  the  colour  reactions  with 
which  the  cyanogen  group  is  involved,  those  in  which 
murexide  and  its  analogues  are  formed,  and  those  in  which 
inorganic  colouring  matters  are  produced.  Instances  of 
this  class  are  given  by  the  reagents  of  Nessler  and 
Frcehde, 


This  little  treatise  will  be  the  means  of  preventing 
many  confused  or  contradidtory  results,  or,  we  might 
venture  to  say,  much  bad  work. 

Catalogue  of  Minerals  For  Sale  by  G.  L.  English  &•  Co. 
Chestnut  Street,  Philadelphia,  and  Broadway,  New 
York.  Fifteenth  Edition. 

The  demand  for  mineralogical  specimens,  whether  for  the 
cabinet  or  as  subjedts  for  chemical,  &c.,  examination  is 
now  sufficiently  extensive  to  make  it  worth  the  while  of 
a  respedtable  firm  to  take  up  this  subjedt  as  a  speciality. 

Messrs.  English  &  Co.  offer  a  very  extensive  colledtion 
of  minerals  from  all  parts  of  the  world,  and  especially 
American  rarities,  some  of  them  exceedingly  interesting. 

Among  the  illustrations  the  figure  of  Almandite  garnets 
embedded  in  mica-schist  may  be  mentioned  as  especially 
beautiful. 


CORRESPONDENCE. 


OZONE  PHOSPHORESCENCE. 


To  the  Editor  of  the  Chemical  News. 

Sir, — I  have  been  especially  interested  by  Mr.  Ernst 
Fahrig’s  paper  on  this  subjedt  in  your  last  issue,  for  in 
January  of  this  year  I  had  an  opportunity  of  witnessing 
the  experiment,  and  I  can  bear  testimony  to  the  fadt  of 
the  produdtion  of  a  distindt  glow  or  phosphorescence  on 
the  addition  of  distilled  water,  previously  shaken  with 
strongly  ozonised  oxygen,  to  about  a  litre  of  Thames 
water  obtained  by  myself  from  near  Blackfriars  Pier.  The 
experiment  was  performed  in  a  quite  dark  room,  under 
the  close  observation  of  fourteen  or  fifteen  persons  stand¬ 
ing  around,  all  ofwhom,  I  believe,  sawthe  phosphorescence. 
The  phenomenon  impressed  me  very  much,  and  I  have 
felt  it  a  misfortune  that  pressure  of  work  has  hitherto 
prevented  me  from  making  any  experiments  in  this 
diredtion  worth  describing. 

I  may  mention  that  a  statement  was  made,  on  the 
occasion  to  which  I  have  referred,  that  the  phosphores¬ 
cence  is  not  produced  when  an  ozone  solution  is  added  to 
sterilised  distilled  water,  and  that  water  of  fair  organic 
purity  will  only  yield  a  very  faint  glow  :  the  explanation 
suggested  being  that  the  phosphorescence  is  the  result  of 
the  adtion  of  ozone  upon  the  micro-organisms — and 
perhaps,  also,  the  dead  organic  matter — present  in  impure 
water.  I  notice,  however,  that  some  of  Mr.  Fahrig’s  ob¬ 
servations  scarcely  tend  to  confirm  this  opinion. — I  am, 
&c., 

Edwy  Godwin  Clayton,  F.I.C.,  F.C.S. 


Certain  Applications  of  Thermo-Chemistry  to  the 
Study  of  the  Constitution  of  the  Organic  Alkalies. — 
A.  Colson. — In  one  and  the  same  group  the  molecular 
heat  of  neutralisation  falls  gradually  from  the  primary  to 
the  tertiary  amine,  the  sum  of  the  solution-heat  and  of 
the  neutralisation-heat,  or  total  heat,  remaining  constant. 
The  molecular  heat  of  neutralisation  for  one  and  the 
same  acid  increases  with  the  weight  of  the  mol.  in  the 
primary  amines  of  the  fatty  series.  If  we  call  strong 
bases  those  which  exadtly  neutralise  acids,  and  a  small 
excess  of  which  turns  tindture  of  litmus  to  a  blue,  and 
weak  bases  those  which  do  not  fulfil  these  conditions,  we 
remark  that  the  non-saturated  bases  of  the  fatty  series 
are  strong  bases,  but  their  total  heat  and  their  solution- 
heat  are  strikingly  rendered.  If  the  amidogen  group  is 
diredtly  joined  to  the  aromatic  nucleus  experience  shows 
that  the  base  becomes  feeble.  Nicotin,  which  is  bibasic, 
is  a  strong  base  by  one  of  its  basicities  and  a  feeble  base 
by  the  other. — Revue  Generate  des  Sciences  Pares  et  Ap - 
pliquees,  Vol.  i.,  No.  12. 
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CHEMICAL  NOTICES  FROM  FOREIGN 
SOURCES. 

Notb.— All  degrees  of  temperature  are  Centigrade  unless  otherwis 

expressed. 

Comptes  Rettdus  Hebdomadaires  des  Seances,  de  ’Academic 
des  Sciences.  Vol.  cxi.,  No.  2,  July  15,  1890. 

The  Laws  of  Berthollet. — Albert  Colson. — The  bases 
may  be  subdivided  into  categories  of  the  same  order  inde¬ 
pendently  of  their  nature.  Keeping  in  view  the  two  prin¬ 
cipal  groups,  the  one  comprising  bases  strong  enough  to 
precipitate  magnesium  chloride,  the  other  composed  of 
feeble  bases,  unable  to  displace  magnesia,  we  find  that 
a  dissolved  salt  formed  by  a  strong  base  is  not  decom¬ 
posed  by  a  weak  base,  whilst  a  salt  constituted  by  a  weak 
base  is  decomposed  by  a  strong  base,  whatever  may  be 
the  solubility  and  the  nature  of  the  two  bases  if  the  salt 
which  tends  to  be  formed  is  soluble. 

Researches  on  the  Double  Rhodium  Nitrites. — E. 
Leidif. — The  author  has  re-examined  the  reactions  of  the 
alkaline  nitrites  as  given  by  Claus,  Lang,  and  Gibbs.  He 
finds  errors  and  contradictions  in  their  memoirs,  and  has 
repeated  their  work  with  especial  reference  to  the  rhodium 
and  potassium  nitrites,  and  the  corresponding  double 
sodium  and  ammonium  salts,  and  the  rhodium  barium 
nitrite.  The  properties  of  these  double  salts  are  valuable 
in  analysis  ;  especially  those  of  the  double  rhodium-potas¬ 
sium  salt  may  be  utilised  for  extracting  rhodium  in  a  state 
of  purity,  separating  it  from  the  other  platinum  metals, 
and  determining  it  in  its  combinations.  These  points 
will  be  developed  in  a  future  communication. 

Certain  Compounds  of  Camphor  with  the  Phenols 
and  their  Derivatives. — E.  Leger. — The  author  has 
demonstrated  that  camphor  produces  with  the  phenols 
two  combinations,  which  their  great  instability  and  the 
ease  with  which  they  are  split  up  by  heat,  by  solvents, 
and  alkalies  have  caused  to  be  mistaken  for  mere  mix¬ 
tures.  He  establishes  that  camphor  and  the  phenols  unite 
in  simple  proportions  to  form  the  bodies  in  question. 
These  bodies  when  solidified  by  heat  give  crystals  of 
which  the  portions  formed  successively  have  always  the 
same  composition.  The  introduction  of  the  phenols  into 
the  alcoholic  solutions  of  camphor  diminish  its  rotatory 
power  by  nearly  the  half. 

On  Certain  New  Derivatives  of  /3-Pyrazol.  A  Con¬ 
tribution  to  the  Study  of  the  Nitric  Ethers. — M.  Ma- 
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THE  OCCURRENCE  OF  CANE  S 
SWEET  POTATO. 
By  W.  E.  STONE. 


Sugar  in  the  Sweet  Potato. 
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_  xtyt  'Conclusive  proof  of  the  occurrence  of  a  specific  saccharine 
Y V  0BN'T60nipound  consists  in  its  isolation  in  a  pure  state,  and 
application  of  characteristic  reactions,  chief  of  which 
)he  determination  of  its  specific  rotation.  To  this  end 
iples  of  two  well-known  varieties,  Southern  queen 
American  red,  were  taken  in  hand.  The  date 
fully  three  months  after  harvest,  but  the  potatoes 
/ere  still  fresh  and  sound.  As  bearing  upon  this  point, 
following  determinations  were  made  : — ■ 


Southern  queen 
American  red 


Specific  gravity.  Moisture. 


1,017 

I.059 


59'37 
6 1  '22 


Dry  matter. 
40-63 
38- 


The  sweet  potato  is  said  by  De  Candolle  to  be  “  sugary 
as  well  as  farinaceous.”  This  ‘‘sugary”  nature  un¬ 
doubtedly  constitutes  one  of  its  most  attractive  qualities 
as  an  edible,  although  it  is  also  to  a  high  degree 
farinaceous.  The  analytical  data  which  I  have  been 
able  to  colled  are  scattering  and  somewhat  at  variance, 
while  with  one  or  two  exceptions  they  were  obtained 
many  years  ago,  by  methods  which  would  now  hardly  be 
regarded  as  accurate. 

One  analysis  by  Henry  is  as  follows  :* * * § — (only  data 
relating  to  the  carbohydrates  are  cited.) 

Water . 73-1  per  cent. 

Starch .  13-3  ,, 

Sugar  .  3-3 

Another  analysis  by  Johnson  is 

Starch,  40-9 . per  cent. 

Gums,  1-4  .  ,, 

Sugar,  . . . 

These  percentages  undoubtedly  relate  to  dry  matter. 

In  “  Ure’s  Dictionary”  an  analysis  is  also  cited  as 
follows  — 

Water . 74-3  per  cent. 

Starch .  15-1  ,, 

The  absence  of  any  mention  of  sugar  in  this  is  notice¬ 
able.  Analysis  made  at  the  department  of  agriculture 
from  partially  dried  samples  gave  :§— 

Starch . 65-29  per  cent. 

Sugar . 14-83  ,, 

Some  more  recent  analyses  are,  one  made  at  the  Con¬ 
necticut  experiment  station  :||  — 

Water . 73-89  per  cent. 

Carbohydrates  ..  ..  23-60  ,, 

and  at  the  New  York  experiment  station  :5T — 

Water . 74  38  per  cent. 

Nitrogen-free  extract  . .  1798  ,, 

The  ambiguous  term  “  sugar  ”  used  in  these  data  gives 
us  no  clue  to  the  specific  nature  of  the  carbohydrates 
indicated  thereby.  In  only  one  place  have  I  found  a 
reference  to  the  character  of  this  sugar,  viz,,  in  connec¬ 
tion  with  the  analysis  made  at  the  United  States  Depart¬ 
ment  of  Agriculture.  Here  it  is  stated  that  the  potato 
meal,  on  mixing  with  cold  water,  contained  no  glucose, 
but  after  heating  to  boiling  acquired  the  power  of  redu¬ 
cing  Fehling’s  solution.  The  original  form  of  this  reducing 
sugar  was  stated  to  be  sucrose,  fi  r  which,  however,  the 
above  described  behaviour  cannot  serve  as  convincing 
proof.  In  the  complicated  mixture  existing  in  the  watery 
extract  of  vegetable  tissues,  reducing  compounds  may 
arise  from  quite  other  sources  than  sucrose  at  boiling 
temperature.  So  also  in  the  quantitative  inversion  of 
such  an  extract,  with  strong  acids,  many  other  substances 
besides  sucrose  are  subjected  to  hydrolysis,  and  may  give 
similar  results.  It  is  recognised  at  present  that  the  one 


*  Watts’  “  Chemical  Dictionary,”  p.  250. 

+  Journal  Royal  Agricultural  Society,  xiii.,  p  522. 

t  Reference  in  Rept.  Dept.  Agriculture  Report,  1869,  p.  76. 

§  Ibid. 

II  “  Rept.  Conn.  Experiment  Station,”  1878,  p.  78. 

IF  “  Seventh  Annual  Rept.  New  York  Experiment  Station,"  p.  243. 


The  flesh  of  both  sorts  showed  most  intense  colouration 
with  iodine,  indicating  large  quantities  of  starch.  A 
watery  extract  from  the  grated  flesh  of  the  Southern 
queen  samples  had  no  effeCt  upon  Fehling's  solution, 
even  after  maceration  for  several  hours  in  the  cold.  A 
similar  preparation  from  the  American  red  gave  only  a 
slight  reduction.  In  both  cases  the  watery  extract  was 
sweet  to  the  taste.  Often  in  the  course  of  investigation, 
similar  tests  were  made  with  other  samples,  and  always 
with  the  same  results,  i.c.,  often  without  reduction  of 
Fehling’s  solution  and  never  with  anything  more  than  a 
slight  reaction,  from  which  I  conclude  that  under  ordinary 
conditions  the  sweet  potato  contains  no  reducing  sugar ; 
or  at  least  only  slight  traces  of  the  same. 

About  300  grms.  of  the  finely  grated  pulp  of  each 
variety  were  digested  at  boiling  temperature  during  three 
hours  with  600  c.c.  of  strong  alcohol,  in  flasks  connected 
with  return  condensers.  The  alcoholic  extracts  thus 
obtained  were  filtered,  and  the  filtrates  evaporated  to  the 
consistency  of  thin  syrup.  Both  products  v/ere  very 
sweet  and  somewhat  dark  coloured ;  that  from  the 
American  red  was  reddish  coloured,  due  to  matters  ex¬ 
tracted  from  the  dark  red  skin  of  this  variety.  These 
residues  were  boiled  with  four  to  five  volumes  of  strong 
alcohol,  and  on  cooling  a  thick  dark  coloured  gummy 
syrup  settled  to  the  sides  and  bottoms  of  the  flasks.  The 
clear  alcoholic  solutions  were  decanted  and  treated  with 
animal  charcoal,  whereby  much  of  the  colouring  matter 
was  removed.  After  filtering  from  the  charcoal,  the 
alcoholic  solutions  were  evaporated  and  left  to  crystallise. 
That  from  the  Southern  queen  soon  became  quite  solid 
from  the  formation  of  sugar  crystals.  The  syrup 
obtained  from  the  American  red,  however,  contained 
several  transparent  oily  globules,  and  refused  to  crystal¬ 
lise.  This  oily  substance  was  soluble  in  alcohol,  and  had 
accompanied  the  syrup  through  all  the  refining  operations. 
On  treatment  with  water,  however,  it  was  precipitated 
as  a  white  flocculent  mass.  By  filtration  and  evapor¬ 
ation  of  this  v/atery  solution,  a  syrup  was  obtained 
which  also  soon  crystallised. 

The  crystalline  products  thus  obtained  from  the  two 
varieties  were  apparently  identical  in  their  nature.  Tney 
were  united  in  one  portion  and  purified  by  repeated  re¬ 
crystallisation  from  alcohol  and  water.  The  ultimate 
produdt  was  crystalline,  pure  white,  and  sweet  to  the 
taste. 

A  small  portion  was  placed  in  a  flask  with  compressed 
yeast,  and  in  the  course  of  a  few  hours  a  distindt  fermen¬ 
tation  had  followed.  The  gas  evolved  was  collected  in 
a  eudiometer  tube,  and  proved  to  be  carbon  dioxide. 
The  sugar  did  not  directly  reduce  Fehling’s  solution,  but 
after  treatment  in  solution  with  a  few  drops  of  hydro¬ 
chloric  acid,  showed  a  strong  reducing  adtion. 

To  determine  the  specific  rotation,  4-1334  grs.  were 
dissolved  in  water  and  made  up  to  a  volume  of  50  c.c. 
This  solution  was  polarised  in  the  Laurent’s  polariscope 
made  by  Schmidt  and  Haensch  of  Berlin,  and  in  a  tube  of 
200  m.m.  length  showed  a  dextro-rotation  of  io'87°.  From 
these  -data  the  specific  rotation  is  calculated  to  be 
(a)  0-65-7°,  which  agrees  pradlically  with  that  for  cane 
sugar  as  determined  by  Tollens.* 


*  “  Handbuch  der  KohIenbydrate,”p.  124. 
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There  seems  no  doubt,  therefore,  that  the  sugar  of  the 
sweet  potato  is  sucrose. 

Several  months  were  occupied  in  obtaining  these 
results,  but  early  in  the  investigation,  after  ascertaining 
that  the  sugar  present  was  non-reducing,  an  attempt  was 
made  to  determine  the  same  quantitatively  by  means  of 
polarisation.  Two  portions  of  the  freshly  grated  pulp  of  the 
American  red  were  extracted  with  strong  alcohol,  during 
two  or  three  hours,  in  a  Soxhlet  apparatus,  the  clear 
extrad  made  up  to  ioo  c.c.  and  polarised  in  a  200  m.m. 
tube  in  the  above-mentioned  Laurent’s  apparatus.  The 
results  were  as  follows  :  — 

1.  35-30  grs.  of  pulp  extracted  and  diluted  to  100  c.c. 
showed  a  dextro-rotation  of  4'50=2-og  per  cent  sucrose. 

2.  34-95  grs.  of  pulp  in  the  same  proportion  as  above, 
showed  a  dextro-rotation  of  4,46°  =  2- 10  per  cent 
sucrose. 

A  similar  determination  with  the  Southern  queen  gave 
the  following  results  : — 

3.  35-3i  grs.  of  pulp  in  the  proportions  already  given 
gave  a  dextro-rotation  of  3-17°  =  1-44  percent  sucrose. 

These  results  fall  somewhat  below  those  already  cited 
at  the  beginning  of  this  paper,  and  while  considerable 
variation  undoubtedly  exists  between  different  varieties, 
and  even  between  samples  of  the  same  variety  grown  in 
different  localities,  yet  I  believe  the  methods  of  polarisa¬ 
tion  may  be  safely  applied  to  the  quantitative  determina¬ 
tion  of  the  sucrose  existing  here.  The  data  quoted  were 
undoubtedly  obtained  by  methods  of  inversion,  and  if  so 
would  naturally  be  too  high.  On  the  other  hand,  as  we 
have  seen,  the  amount  of  reducing  sugar  (glucose)  present 
in  the  fresh  potato  is  minimal,  if  not  entirely  wanting, 
and  by  no  means  sufficient  to  produce  an  appreciable 
diminution  of  the  reading  produced  by  sucrose  present. 
From  data  obtained,  therefore,  it  would  appear  that  the 
percentage  of  sucrose  present  in  the  varieties  named  is 
from  one  and  a-half  to  two  per  cent. 

If  we  take  a  sweet  potato,  the  flesh  of  which  has  been 
previously  found  to  be  quite  free  from  reducing  substances, 
bake  it  in  the  ordinary  domestic  fashion,  crush  it  and 
macerate  the  mass  with  cold  water,  the  extradt  thus 
obtained  will  reduce  Fehling’s  solution  strongly.  The 
temperature  applied  in  baking  has  produced  inversion 
among  the  carbohydrates  originally  present. 

To  a  watery  extrad  obtained  as  above,  two  volumes  of 
strong  alcohol  were  added,  by  which  a  voluminous, 
flocculent,  white  precipitate  was  thrown  down.  This  was 
filtered,  and  the  filtrate  evaporated  to  a  syrup,  which  was 
of  a  brownish  yellow  colour,  very  sweet,  and  still  retained 
its  reducing  power. 

The  precipitate,  which  was  at  first  somewhat  sticky 
and  gummy,  by  repeated  washings  with  strong  alcohol 
and  ether,  became  pulverulent  and  no  longer  deliquescent 
on  exposure  to  the  air.  This  substance  was  readily 
soluble  in  water,  but  the  solution  was  not  sweet  to  the 
taste.  With  iodine  solution  a  most  intense  violet  or  purple 
colour  was  produced,  which,  however,  was  quite  distind 
from  the  ordinary  starch  readion.  The  solution  reduced 
Fehling’s  solution  after  heating,  but  the  appearance  was 
different  from  the  normal  glucose  redudion.  A  solution 
of  1623  grms.  in  100  c.c.  of  water  produced  in  a  100  m.m. 
tube  a  dextro-rotation  of  2'86°,  from  which  the  specific 
rotation  (a)  D  =  176-3°  may  be  calculated.  This  sub¬ 
stance  corresponds  in  its  behaviour  to  some  of  the  com¬ 
pounds  occurring  in  the  transition  from  starch  to 
dextrine  or,  eventually,  dextrose.  The  specific  rotation 
is  too  low  for  mere  soluble  starch,  which  according  to 
Brown  and  Morris  is  (a)  D  =  194-8°,  and  approaches  more 
nearly  that  of  malto-dextrose  [  (a)D  =  i74-5°].  The 
latter,  however,  does  not  give  the  iodine  readion.  The 
substance  in  question  was  undoubtedly  a  form  of  soluble 
starch  or  amylodextrine,  produced  by  the  adion  of  heat 
upon  the  starch  of  the  potato. 

The  syrup  obtained  by  evaporation  of  the  watery 
extrad  from  which  the  soluble  starch  had  been  precipi¬ 
tated,  was  of  a  very  sweet  and  altogether  agreeable  taste. 


f  Chemical  News, 
t  Aug.  8,  i8go. 

It  reduced  Fehling’s  solution  strongly.  In  spite  of  attempts 
at  purification  and  decolourisation,  it  remained  somewhat 
dark  coloured  and  refused  to  crystallise.  After  standing 
some  weeks,  it  was  still  perfedly  clear  and  amber-like 
in  appearance.  Its  behaviour  indicated  that  while  some 
of  the  original  cane  sugar  may  have  been  present,  it  was 
also  accompanied  by  a  considerable  quantity  of  invert 
sugar.  Treatment  of  a  portion  of  this  syrup  with  phenyl- 
hydrazin  chloride,  according  to  the  prescribed  method,* 
gave  an  abundance  of  the  charaderistic  yellow  produd 
which  in  this  case  seemed  to  be  the  phenyl-glucosazon. 

;  This,  after  re-crystallisation  from  alcohol  and  desiccation, 
melted  at  200°  to  204°  C.,  pradically  agreeing  with  the 
number  (204°  to  205°  C.)  for  pure  glucose.  The  syrup 
was  therefore  an  impure  glucose  resulting  from  the  inver¬ 
sion  of  the  original  sucrose  of  the  potato. 

Briefly  stated  the  results  of  the  inquiry  are : — 

The  saccharine  substance  of  the  sweet  potato  exists 
chiefly,  if  not  entirely,  in  the  form  of  sucrose. 

The  use  of  the  polariscope  in  the  quantitative  deter¬ 
mination  of  the  same  seems  possible.  Such  determin¬ 
ations  showed  one  and  a-half  to  two  per  cent  of  sucrose 
in  the  fresh  potatoes. 

The  temperature  of  cooking  (baking)  inverts  the 
sucrose,  and  converts  more  or  less  of  the  starch  into  a 
soluble  form. 

A  part  of  this  investigation  was  made  at  the  laboratory 
of  the  Tennessee  Experiment  Station,  the  remainder  at 
Purdue  University. 


NEW  PROCESS  FOR  THE  TITRATION 
OF  ALDEHYD  BY  MEANS  OF  CHROMIC 

ACID. 

By  R.  BOURCART. 

The  process  is  substantially  the  same  as  that  described 
for  alcohol.  1  mol.  aldehyd  requires  f  mol.  bichromate 
for  conversion  into  acetic  acid.  1-2442  grms.  of  pure 
paraldehyd  is  made  up  to  a  solution  of  100 
c.c.  with  water.  The  solution  of  bichromate  contains 
exadly  10  grms.  of  the  salt  to  1  litre,  and  a  hyposulphite 
solution  of  24  grms.  per  litre,  of  which  104-2  c.c.  corre¬ 
spond  to  100  c.c.  of  the  bichromate  solution.  The 
determination  is  carried  out  as  for  alcohol,  heating  for 
three  hours  to  ioo0.  The  quantities  taken  were  10  c.c. 
solution  of  paraldehyd,  20  c.c.  sulphuric  acid  at  10  vol. 
per  cent,  50  c.c.  of  the  bichromate  solution,  and  20  c.c, 
potassium  iodide  of  10  per  cent. — Soc.  Indust,  de  Mul- 
house  and  Chemiker  Zeitung. 


ON  A  NEW  PROCESS  FOR 
DETERMINING  THE  MINERAL  MATTER  IN 
SUGARS  BY  MEANS  OF  BENZOIC  ACID. 

By  E.  BOYER. 

The  diredt  incineration  of  sugars  for  determining  the 
inorganic  matter  is  a  long  and  delicate  operation,  for 
which  there  has  been  substituted  in  industrial  analysis 
the  empirical  procedure  indicated  by  Scheibler,  which 
consists  in  incinerating  a  known  weight  of  sugar  in 
presence  of  pure  concentrated  sulphuric  acid  until  a 
perfectly  white  ash  is  obtained.  It  is  generally  assumed 
that  if  we  dedudt  the  tenth  of  the  weight  of  the  sulphated 
ash  the  figure  remaining  will  represent  the  weight  of  the 

*  One  part  of  the  sugar  or  syrup,  two  parts  phenyl-hydrazin 
chloride,  three  parts  sodium  acetate,  and  20  parts  water  are  warmed 
together  in  a  water  bath  to  700  to  8o°  C.,  whereby  fine  yellow  crystals 
are  gradually  formed.  This  compound,  C18H22N404,  has  a  charac¬ 
teristic  melting-point  accordingly  as  it  is  derived  from  one  or  the 
other  of  the  sugars. 
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mineral  matter.  Several  chemists,  especially  MM.  Aime 
Girard  and  Violette  hold  that  this  corre&ion  is  insufficient, 
the  ash  of  sugar  consisting  chiefly  of  alkaline  carbonates 
and  chlorides,  and  they  propose  to  dedudt  2-ioths  of  the 
gross  weight  in  order  to  obtain  the  real  mineral  matter  of 
sugars. 

We  see,  in  fadt,  by  a  calculation  of  the  equivalents, 
that  this  latter  corre&ion  approaches  the  reality. 

The  process  which  the  subject  of  this  paper  embraces 
has  the  advantage  of  dispensing  with  any  corredtion, 
since  it  gives  diredUy  the  mineral  matter  of  sugar  in  its 
natural  state.  It  consists  in  effedting  the  carbonisation 
of  the  sugar  in  presence  of  a  volatile  acid,  benzoic  acid. 
To  facilitate  the  mixture  of  this  acid  with  the  sugar  it  is 
preferably  employed  in  solution,  and  as  it  is  but  sparingly 
soluble  in  water,  alcohol  at  go  per  cent  is  used  as  solvent, 
100  c.c.  to  25  grms.  benzoic  acid. 

He  weighs  into  a  platinum  capsule  5  grms.,  which  are 
moistened  with  1  c.c.  distilled  water ;  the  capsule  is 
gently  heated  over  a  Bunsen  burner  so  as  to  caramelise 
the  sugar  without  charring  it,  so  that  all  the  carbon  may 
be  ultimately  formed  in  presence  of  benzoic  acid.  The 
addition  of  water  renders  this  manipulation  easy.  He 
then  adds  2  c.c.  of  the  alcoholic  benzoic  solution,  say  0^5 
grm.  of  the  acid,  and  evaporates  on  the  sand-bath,  heating 
at  first  gently  until  the  alcohol  is  entirely  driven  off,  and 
then  raising  the  heat  to  effedt  the  carbonisation. 

The  decomposing  benzoic  acid  gives  off  abundant 
vapours,  which  swell  up  the  sugary  matter,  especially  if 
we  take  the  precaution  of  giving  the  capsule  a  rotatory 
movement.  The  heating  is  continued  until  all  the 
benzoic  acid  is  volatilised. 

The  carbon  obtained  is  bulky  and  of  a  brilliant  black. 
To  effedt  the  combustion  the  capsule  is  put  at  the 
entrance  of  a  muffle  furnace  heated  to  dull  redness.  The 
incineration  is  complete  in  half-an-hour,  and  the  ash 
obtained  is  white  and  bulky. 

I  he  capsule  is  weighed  rapidly  after  cooling  in  order 
to  avoid  the  absorption  of  moisture  by  the  alkaline  car¬ 
bonates. 

1  he  weight  obtained  represents  the  mineral  matter  in 
5  grms.  sugar.  Ammonium  benzoate  may  be  used  instead 
of  benzoic  acid,  but  whichever  is  taken  we  must  first 
ascertain  that  it  leaves  no  residue  in  the  conditions  of 
the  analysis. 

The  results  given  by  this  method  are  accordant,  and 
justify  the  dedudtion  of  2-ioths  from  the  weight  of  the 
sulphated  ash  to  obtain  the  real  mineral  matters  of  sugars 
of  the  first  and  second  quality.  Subjoined  are  some 
determinations  compared  with  the  results  of  the  sulphuric 
determinations  corredted  by  the  successive  dedudtion  of 
i-ioth  and  2-ioths  : — 


Kind  of  Sugar. 

Blank  experiment 
First  quality  . . 
Second  ,, 

Mixture 

— Comptes  Rendus, 


Benzoic 

Sulphuric  Incineration. 

Incineration.  Un- 

corredted. 

i-ioth 

correct. 
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correct. 
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RECOVERY  OF  ABSORBED  MORPHINE  FROM 
THE  URINE,  THE  BLOOD,  AND  THE 
TISSUES.* 

By  THEODORE  G.  WORMLEY,  M.D.,  LL.D., 
Professor  of  Chemistry  and  Toxicology,  Medical  Department, 
University  of  Pennsylvania, 

Historical . — Of  all  the  ordinary  poisons  there  is  none 
that  has  more  frequently  been  attended  with  failure  to 
recover  it  from  the  body,  both  in  poisoning  of  the  human 

*  From  the  University  Medical  Magazine, 


subjedt  and  in  experiments  on  animals,  than  the  alkaloid 
morphine.  These  failures  have  occurred  even  when  the 
quantity  taken  or  administered  was  very  large,  and  all 
the  attending  circumstances  apparently  the  most  favour¬ 
able  for  its  recovery.  Indeed,  in  the  numerous  experi¬ 
ments  thus  far  made  upon  animals,  the  results  have  been 
negative,  save  in  a  few  instances. 

Among  the  earlier  observers,  Dr.  Christison  (“  On 
Poisons,”  Amer.  Ed.,  p.  537)  failed  to  detedt  morphine  in 
the  contents  of  the  stomach  of  a  young  woman  who  died 
in  five  hours  after  taking  two  ounces  of  laudanum  ;  and 
in  another  instance  the  contents  of  the  stomach,  with¬ 
drawn  four  hours  after  two  ounces  of  laudanum  had  been 
taken,  failed  to  furnish  satisfactory  evidence  of  the 
presence  of  the  poison. 

M.  Dublanc  ( Archives  Gen.,  i. ,  150)  sought  in  vain  for 
morphine  in  the  blood  and  urine  of  animals  killed  by  it. 
And  M.  Lassaigne  (Ann.  de  Chim.  et  de  Phys.,  xxv.,  102) 
could  not  detedt  the  alkaloid  in  the  blood  drawn  from  a 
dog  twelve  hours  after  thirty-six  grains  of  the  acetate 
were  injedted  into  the  crural  vein  ;  nor,  again  (Jour,  de 
Chim.  Med.,  1841,  488),  in  the  liver  or  the  blood  of  a  dog 
poisoned  with  eight  ounces  of  Sydenham’s  laudanum.  ° 

Orfila  (“  Traite  des  Poisons  ou  Toxicologie,”  trois.  Ed. 
i i . ,  58)  failed  to  find  the  poison  in  the  blood  of  three  dogs 
that  had  been  given  respectively  twelve,  fifteen,  and 
eighteen  grains  morphine  acetate,  and  found  it  in  only 
one  instance  in  the  urine. 

Bouchardat  (Bull.  Gen.  de  Ther.,  Dec.,  1861)  believed 
he  had  found  the  alkaloid  in  the  urine  of  a  person  who 
had  taken  0-05  grm.;  and  Leforte  (Jour,  de  Chim.,  xi., 
93>  1861)  concluded  that  it  was  eliminated  by  the  urine. 
But  the  tests  relied  upon  by  these  observers — iodine  in 
potassium  iodide  by  the  former,  and  iodic  acid  by  the 
latter — have  no  positive  value. 

Dr.  Taylor  (“  On  Poisons,”  London,  1875,34)  mentions 
two  cases,  one  in  his  own  practice,  in  each  of  which  one 
grain  of  morphine  hydrochloride  had  been  taken,  and 
death  took  place  in  ten  and  thirteen  hours  respectively  ; 
but  no  trace  of  morphine  could  be  detected  in  the 
stomach  in  either  case. 

Dr.  Ebertz  (Ann.  d'Hyg.,  1875,  July,  220)  failed  to 
find  a  trace  of  the  poison  in  any  part  of  the  body  of  a 
woman  who  had  taken  0-25  grm.  (nearly  four  grains)  of  a 
salt  of  morphine,  and  died  from  its  effets  within  fifty 
minutes  afterward.  J 

Di.  Ogston  (“  LeCtures  on  Medical  Jurisprudence,” 
1878,  567)  records  a  case  in  which  nine  or  ten  grains  of 
morphine  hydrochloride  caused  death  within  a  few  hours, 
and  none  of  the  poison  had  been  ejected  and  no  remedy 
applied.  A  most  searching  examination,  by  himself  and 
Professor  Gregory  failed  to  detect  any  trace  of  morphine 
in  the  alimentary  canal  or  elsewhere. 

In  a  fatal  case  of  laudanum  poisoning  recorded  by  Dr 
Tidy  (”  Forensic  Medicine,”  1877,  376),  repeated  analyses 
of  the  contents  of  the  stomach  failed  to  reveal  the 
presence  of  a  trace  of  either  meconic  acid  or  of 
morphine. 

In  experiments  upon  three  rabbits,  Erdmann  (Annal.  d 
Chcm.  u.  Phcirm.,  Bd.  122,  360,  1862)  found  the  poison 
in  the  first,  in  the  stomach  ;  in  the  second,  only  traces  in 
the  urine;  and  in  the  third,  only  traces  in  the  blood, 
none  being  found  in  the  urine,  brain,  or  spinal  cord.  He 
concluded  that  morphine  was  decomposed  in  the  system. 

Cloeta  (Virchow's  Archiv.,  xxxv.,  p.  376,  1866)  ex¬ 
amined,  by  Erdmann’s  method,  the  urine  of  a  patient 
who  had  taken  for  some  time  daily  six  to  seven  grains 
morphine  acetate,  but  failed  to  find  a  trace  of  the 
poison. 

In  a  case  of  morphine  poisoning,  Dr.  Kreyssffi  (“In¬ 
augural  Dissertation,”  Leipsig,  1856  ;  quoted  byLands- 
berg)  found  the  poison  in  the  vomited  matters  by  the 
iron  test,  but  failed  to  find  a  trace  either  in  the  blood  or 
urine.  Prof.  Maschka  (Prager  Vierteljahr.,  Bd.  66,  p.  65 
i860)  reports  a  similar  case  in  which  none  of  the  poison 
was  found  in  the  stomach. 
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Prof.  L.  A.  Buchner  ( Neues  Report,  f,  Pharm .,  Bd.  16, 
p.  43,  1867)  relates  the  case  of  a  child  quickly  killed  by 
three  doses  of  morphine  acetate  of  two  grains  each,  and 
he  failed  to  find  any  evidence  of  morphine  either  in  the 
contents  of  the  stomach  or  alimentary  canal.  And  in 
another  case,  in  which  a  child  quickly  died  from  the 
effedt  of  extradt  of  poppies,  similar  negative  results  were 
obtained. 

H.  Kohler  ( Schmidt's  fahrb.,  Bd.  141,  p.  21,  1869) 
states  that  the  recovery  of  morphine  from  bodies  by  the 
known  methods  more  frequently  fails  than  succeeds. 
Prof.  Guy  (“  Forensic  Medicine,”  p.  518,  1881)  remarks 
that  it  is  now  well  understood  that  in  cases  of  poisoning 
with  opium  the  best  methods  of  analysis  will  often  fail  to 
yield  any  evidence  whatever  of  the  presence  of  the 
poison  in  the  contents  of  the  stomach. 

Gscheidlen  ( Arbeiten  aus  dem  Physiol.  Laborat.,  Wurz¬ 
burg,  Bd.  32,  1869)  says  that  morphine  injedted  into  the 
jugular  vein  of  rabbits  may  be  found  in  the  urine;  but 
this  may  be  due  to  the  great  amount  administered. 

Kauzmann  [Zeitsch.  f.  Analyt.  Chemie,  viii.,  pp.  103, 
243,  1869)  found  that  morphine  might  be  recovered  un¬ 
changed  from  the  stomach,  feces,  the  blood,  and  urine. 
He  employed  the  Uslar-Erdmann  method. 

E.  Vogt  ( Archiv .  der  Pharmacie,  Bd.  207,  p.  23,  1875) 
failed  to  find  morphine  in  the  urine  for  twenty-four 
hours  of  an  old  man  who  took  daily  large  quantities  of 
the  drug,  but  he  found  it  in  the  feces.  In  like  manner, 
Borntrager  ( Archiv .  der  Pharmacie,  Bd.  217,  p.  119,  1880) 
failed  to  find  the  poison  in  the  urine  of  a  person  who  took 
daily  07  to  ro  grm,  subcutaneously. 

Jacques  (“  Localisation  des  Alcaloides  dans  le  Foie,” 
These  Bruxelles,  1880 ;  cited  by  Landsberg)  relates  the 
case  of  a  person,  sixty  years  old,  who  took  for  five  years 
daily  1*3  grms.  morphine  in  solution,  and  in  addition 
every  second  day  2  0  grms.  subcutaneously,  yet  he  failed 
to  find  the  alkaloid  in  the  urine,  but  found  it  in  large 
quantity  in  the  feces  collected  for  three  days. 

Dr.  W.  Eliassow  (“  Inaugural  Dissertation,  Konigs- 
berg,”  1882)  examined  with  negative  results  the  urine  of 
a  person  who  took  daily  0T4  grm.  of  a  salt  of  morphine. 
So,  also,  R.  Burkart  ( Volkmann's  Sammlung  Klinischen 
Vortrdge,  N.  238)  failed  to  find  it  in  the  urine  of  persons 
who  took  morphine  in  large  doses ;  yet  on  adding 
diredtly  o'oo2  grm.  morphine  to  50  c.c.  urine,  he  readily 
obtained  evidence  of  its  presence. 

E.  Landsberg  ( Pfliiger's  Archiv. f.  Physiologie,  Bd.  23, 
p.  425,  1880)  injedted  subcutaneously  into  three  dogs 
quantities  of  morphine  hydrochloride,  varying  from  o-2  to 
0-4  grm.  The  urine  from  these  animals  failed  to  show 
the  presence  of  morphine.  In  another  case  i*o  grm.  of 
the  morphine  salt  was  injedted;  the  next  day  0-5  grm., 
and  on  the  third  day  ro  grm.  Four  hours  after  the 
last  dose  the  animal  was  killed,  and  170  c.c.  urine  col- 
ledted.  But  no  morphine  was  found  in  this  fluid,  nor  in 
the  brain,  medulla  oblongata,  or  in  the  liver.  In  another 
case  27  grms.  of  this  salt  were  injedted  in  divided  doses 
over  several  days  ;  130  c.c.  of  urine  and  the  blood  were 
then  examined,  but  with  negative  results.  One  grm.  of 
the  salt  was  administered,  in  two  portions,  by  the 
stomach.  Again  the  urine  failed  to  show  the  presence  of 
the  poison,  but  it  was  readily  obtained  from  the  feces. 
From  these  and  other  experiments  Landsberg  concluded 
that  morphine  undergoes  decomposition  in  the  system. 

R.  Schneider  [Jahresbericht  fur  Tliierchemie,  1884,  p. 
236),  under  the  adtion  of  Froehde’s  reagent,  found  mor¬ 
phine  in  the  urine  of  three  persons  who  took  daily 
from  0-02  to  0-36  grm.  morphine  acetate,  partly  internally 
and  partly  by  subcutaneous  injedtion. 

Dr.  J.  Donath  [Archiv.  f.  d.  ges.  Physiologie,  Bd.  38, 
p.  541,  1886)  examined  the  urine  of  a  patient  who  had 
for  five  years  taken  large  doses  of  morphine  sub-  1 
cutaneously,  and  during  forty-eight  hours  had  employed 
0-36  grm.  of  the  alkaloid.  Two  litres  of  urine  collected 
during  the  two  following  days,  examined  by  Landsberg’s 
method,  failed  to  reveal  the  presence  of  a  trace  of  mqr- 


phine.  The  urine  of  this  patient  was  examined  sub¬ 
sequently  a  second  and  a  third  time,  with  like  negative 
results.  In  another  case,  in  which  the  patient  was  using 
subcutaneously  075  grm.  of  a  morphine  salt  daily, 
1200  c.c.  of  the  urine  failed  to  give  any  positive  evidence 
of  the  presence  of  morphine.  In  a  third  case,  in  which 
1 '5  grms.  were  injedted  during  forty-eight  hours,  not  a 
trace  of  morphine  was  found  in  27  litres  of  urine..  From 
these  examinations  Dr.  Donath  concludes  that  morphine 
entirely  disappears  in  the  animal  organism,  and  is  not 
converted  into  any  produdt  that  responds  to  the  tests  for 
morphine. 

With  the  cases  now  cited  may  be  mentioned  the  results 
of  the  writer’s  (“  Micro-Chemistry  of  Poisons,”  867,  502) 
own  investigations,  made  some  year’s  since,  in  which  the 
blood  from  eight  different  cats  and  dogs  poisoned  by 
opium  gave  little  or  no  evidence  whatever  of  the  presence 
of  the  poison,  save  in  one  instance,  in  which  two  grains 
of  morphine  and  two  ounces  of  laudanum  had  been 
administered. 

Methods  of  Analysis. — In  the  early  history  of  this  sub- 
jedt  about  the  only  method  known  for  the  recovery  of 
morphine  and  the  alkaloids  in  general,  from  complex 
mixtures  and  the  tissues,  consisted  in  extradting  the 
finely  divided  solids  by  water  acidulated  with  acetic  acid, 
evaporating  the  filtered  liquid,  and  extradting  the  residue 
with  alcohol.  In  the  further  purification  of  the  extradt, 
acetate  of  lead  was  used  to  separate  foreign  organic 
matter,  and  the  alkaloid  was  finally  precipitated  by 
sodium  carbonate. 

After  this  general  method  M.  Lassaigne  [Ann  de  Chim. 
et  de  Phys.,  xxv.,  102)  recovered  morphine  when  the 
quantity  was  not  less  than  two  grains  in  eight  ounces  of 
the  complex  mixture. 

About  the  only  tests  then  known  for  the  recognition  of 
morphine  were  the  iron  and  the  nitric  and  iodic  acid 
tests. 

In  T851  Professor  Stas  [Bull,  de  l' Acadcmie  de  Medicine, 
ix.,  304),  of  Brussels,  proposed  a  general  method  for  the 
recovery  of  the  alkaloids  from  organic  mixtures,  based 
upon  the  fadt  that  these  bodies  in  the  free  state  are,  for 
the  most  part,  more  or  less  soluble  in  ether.  This 
method  consists  essentially  of  first  extradting  the 
alkaloid  in  the  form  of  a  salt,  from  the  complex  mixture, 
by  acidulated  alcohol,  evaporating  the  alcoholic  extract 
to  dryness,  dissolving  the  residue  in  water,  and  treating 
this  solution  with  an  alkali  to  set  free  the  alkaloid.  The 
alkaline  liquid  is  then  agitated  with  several  volumes  of 
ether,  which  will  extradt  the  eliminated  alkaloid,  and,  on 
evaporation,  leave  it  in  a  more  or  less  pure  state. 

Professor  Otto  [Ann.  Chetn.  Pharm.,  100,  44,  1856) 
proposed  to  modify  this  method  by  first  agitating  the 
acidulated  liquid,  before  the  addition  of  an  alkali,  with 
ether  for  the  purpose  of  removing  certain  foreign  matters. 
The  aqueous  liquid,  after  decanting  the  ether,  is  then 
rendered  alkaline  and  again  extracted  by  ether.  This 
proved  to  be  an  important  modification  of  Stas’s  original 
method. 

Although  the  method  of  Stas  has  proved  of  the  greatest 
importance  for  the  recovery  of  the  alkaloids  in  general, 
yet  it  has  only  a  limited  value  for  the  recovery  of  mor¬ 
phine,  since  this  alkaloid  requires  about  7000  times  its 
weight  of  ether  for  solution.  Nor  is  chloroform,  as  first 
advised  by  Rodgers  and  Girdwood  ( Lancet ,  London,  June, 
1856,  718)  for  the  recovery  of  strychnine,  well  fitted  for 
this  purpose,  since  morphine  is  about  as  insoluble  in  this 
liquid  as  in  ether. 

For  the  recovery  of  the  alkaloids  in  general,  but  more 
especially  for  the  extradtion  of  morphine,  Uslar  and 
Erdmann  [Annul,  d.  Chemie.  und  Pharmaeie,  120,  p.  121) 
in  1861,  proposed  the  use  of  amyl  alcohol,  in  which  mor¬ 
phine  is  rather  freely  soluble.  This  liquid  being  im¬ 
miscible  with  water,  the  principle  and  method  of  applica¬ 
tion  is  the  same  as  in  the  process  of  Stas. 

Soon  after  the  introdudtion  of  this  method  for  the 
recovery  of  morphine,  Froehde  [Zeitschr.  Anal,  Chem.,  v., 
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p.  214,  1866)  made  the  important  observation  that  mor¬ 
phine  and  its  salts  in  the  solid  state,  when  brought  in 
contadt  with  a  drop  of  concentrated  sulphuric  acid  hold¬ 
ing  a  little  molybdic  acid  in  solution,  gives  rise  to  a 
beautiful  purple  or  crimson  colouration.  This  readtion 
has  proved  of  great  value  for  the  detedtion  of  morphine, 
since,  when  properly  observed,  it  is  less  open  to  fallacy 
than  most  of  the  other  tests,  and  surpasses  them  all  in 
delicacy  of  readtion. 

(To  be  continued). 


ON  THE 

CHEMICAL  COMPOSITION  OF  THE  OILS  OF 
WINTERGREEN  AND  BIRCH,  AND  THE 
CHARACTERS  OF  THE  SYNTHETIC  Oil, 
OF  WINTERGREEN. 

By  Prof.  Dr.  FREDERICK  B.  POWER, 

University  of  Wisconsin. 

In  the  American  Journal  of  Pharmacy ,  1889,  p.  39S,  there 
appeared  a  “  Contribution  from  the  Chemical  Laboratory 
of  the  Philadelphia  College  of  Pharmacy,”  entitled  “  The 
Oils  of  Wintergreen  and  Birch,”  by  Henry  Trimble  and 
Hermann  J.  M.  Schroeter,  in  which  the  authors  introduce 
the  subjedt  of  their  investigation  by  the  following  state¬ 
ment  : 

“  The  history  of  these  oils  has  recently  been  written  by 
Dr.  E.  R.  Squibb  ( Ephemeris ,  Odt.,  1887,  P-  95 1).  and  the 
papers  there  referred  to  from  the  first  in  1842  by  Professor 
Prodter  to  the  last  in  1884  by  Mr.  H.  P.  Pettigrew,  can 
all  be  found  in  the  American  Journal  of  Pharmacy." 

Although  this  carefully  worded  statement  is  literally 
true,  I  may  call  attention  to  the  fadt  that  all  the  literature 
concerning  these  two  oils  is  not  contained  in  the  journal 
cited.  In  August,  1888,  a  paper  was  read  by  me  before 
the  Chemical  Sedtion  of  the  American  Association  for  the 
Advancement  of  Science,  Cleveland  Meeting,  “  On  the 
Constituents  of  Wintergreen  Leaves”  (Power  and  Werbke), 
which  was  subsequently  printed  in  abstract  in  the  Pro¬ 
ceedings  of  the  above  Association,  p.  124,  and  in  full  in 
the  Pharmaceut.  Rundschau,  Sept.,  1S88,  p.  208,  as  also  in 
the  London  Pharm.  Journal,  Nov.  3,  1888,  p.  349,  and  in 
abstradt  in  the  Bcriclit  of  Messrs.  Schimmel  and  Co., 
Leipzig,  Odt.,  1888,  p.  40,  and  in  some  other  periodicals. 
In  this  paper,  in  connedtion  with  some  observations  on 
the  oils  in  question,  and  other  constituents  of  wintergreen 
leaves,  I  also  took  occasion  to  suggest  that  the  synthetic 
oil  of  wintergreen  might  properly  be  recognised  in  the 
next  revision  of  the  U.S.  Pharmacopoeia. 

Since  Messrs.  Trimble  and  Schroeter  have  omitted  any 
diredt  reference  to  my  previous  paper  on  this  subjedt,  it 
would  be  charitable  to  presume  that  they  were  unaware 
of  its  publication,  but  from  some  of  the  statements  in 
their  article  it  would  not  appear  probable  that  such  was 
the  case,  and  having  thus  diredted  attention  to  this  matter 
it  may  be  passed  without  further  comment. 

The  statements  made  by  these  gentlemen  in  their 
recent  publication  concerning  the  oils  of  wintergreen  and 
birch  are,  however,  so  remarkable  in  many  respedts  that 
I  have  taken  the  liberty  of  reviewing  the  results  and  con¬ 
clusions  of  their  investigation  ;  and  although  good  and 
sufficient  reasons  might  be  presented  for  inferring  d  priori 
the  incorrectness  of  many  of  their  statements,  yet  in  the 
interest  of  scientific  truth,  and  in  order  that  the  critical 
remarks  which  I  desire  to  make  may  be  as  thoroughly 
substantiated  as  possible,  I  have  also  undertaken  anew 
the  investigation  of  the  three  products  which  form  the 
title  of  this  paper. 

In  order  that  the  essential  points  of  this  discussion 
may  be  clearly  understood,  it  may  be  stated  in  the 
beginning  that  attention  has  been  specially  diredted  to 
the  consideration  of  the  following  observations  or  asset'. 
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tions.  As  is  probably  well  known,  previous  investiga¬ 
tions  have  shown  the  oil  of  wintergreen  to  consist  of 
methyl  salicylate,  associated  with  small  amounts  of  a 
hydrocarbon  or  terpene,  termed  gaultherilene,  and  the  oil 
of  birch  to  consist  of  pure  methyl  salicylate.  These 
statements  the  writer  believes  to  be  perfectly  corredt,  and 
to  present  in  a  concise  form  the  adtual  chemical  com¬ 
position  of  these  oils. 

Messrs.  Trimble  and  Schroeter,  in  their  recent  paper 
(Joe.  cit.),  affirm,  however,  that  the  oils  of  wintergreen 
and  birch  are  both  physically  and  chemically  identical, 
that  they  both  contain  a  hydrocarbon  or  sesquiterpene  of 
the  composition  CI5H24,  which  is  present  even  to  a 
larger  extent  in  the  oil  of  birch  than  in  the  oil  of  winter¬ 
green,  but  that  that  from  the  oil  of  wintergreen  has  a 
lower  melting-point.  Furthermore  that  both  of  these  oils 
contain  small  amounts  of  benzoic  acid  and  ethyl  alcohol, 
and  that  a  representative  sample  of  the  artificial  oil  of 
wintergreen  did  not  have  the  chemical  composition  of  the 
natural  oils,  and  was  not  pure  methyl  salicylate,  but 
contained  a  large  amount  of  methyl  benzoate. 

From  previous  observations,  as  well  as  from  the  results 
of  the  present  investigation,  I  am  forced  to  believe  that 
most,  if  not  all,  of  the  foregoing  conclusions  of  Messrs. 
Trimble  and  Schroeter  are  positively  incorreCt,  so  far  at 
least  as  they  relate  to  the  pure  oils  in  question  ;  and  this 
I  hope  to  be  able  to  demonstrate. 

The  oils  examined  by  me  in  the  present  investigation 
were  obtained  from  the  following  sources  : — 

I.  Natural  Oil  of  Wintergreen. — This  was  obtained 
direCtly  from  Mr.  Robert  B.  Wilson,  of  Black  River  Falls, 
Wis.,  who  had  distilled  the  oil  himself,  and  therefore  no 
doubt  could  exist  as  to  its  absolute  purity. 

II.  Natural  Oil  of  Birch. — This  was  obtained  from 
Mr.  C.  M.  Driggs,  of  White  Haven,  Pa.,  the  source  from 
which  Messrs.  Trimble  and  Schroeter  obtained  their  oil 
of  birch,  and  at  least  one  specimen  of  their  oil  of  winter¬ 
green. 

Another  small  sample  of  the  oil  of  birch  in  my 
possession  represents  a  portion  of  the  same  oil  as  that 
used  by  Mr.  Pettigrew  in  his  investigation  ( Amer .  Journ, 
Pharm.,  1883,  p.  385). 

III.  Artificial  or  Synthetic  Oil  of  Wintergreen. — This 
was  kindly  furnished  me  by  Messrs.  Fritzsche  Bros,  of 
New  York,  and  was  manufactured  by  their  Leipzig  House, 
Messrs.  Schimmel  and  Co.,  who  have  made  a  specialty  of 
this  product. 

Physical  Properties  of  the  Oils. 

Specific  Gravities. 

These  were  determined  in  the  present  instance  by 
means  of  a  pycnometer,  provided  with  an  accurate  and 
delicate  thermometer,  indicating  tenths  of  a  degree.  All 
the  specific  gravities  recorded  represent  a  comparison  of 
the  oils  with  an  equal  weight  of  distilled  water  at  the 
temperature  of  15°  C.  The  natural  oils  used  for  this 
determination  had  been  once  rectified,  in  order  to  remove 
traces  of  water  and  dark  coloured  oxidation  products, 
such  as  are  invariably  formed  when  the  oils  are  kept  for 
some  time.  After  this  treatment  they  were  perfectly 
clear  and  colourless. 

I.  NaUiral  Oil  of  Wintergreen. — This  was  found  to 
have  a  specific  gravity  of  1-1835  at  150  C.,  which  is  some¬ 
what  higher  than  that  of  a  freshly  distilled  sample 
previously  examined  by  me  (Pharm.  Rundschau,  1888, 
p.  209)  namely  1-1766,  or  than  that  observed  by 
Procter  (Amer.  Journ.  Pharm.,  1842,  p.  213  and  1843, 
p.  244),  namely  1-173,  but  agrees  well  with  that  observed 
by  Trimble  and  Schroeter  (Amer.  Journ.  Pharm.,  1889, 
p.  399),  namely  1-1838  and  1-1845. 

II.  N atural  Oil  of  Birch. — The  specimen  of  oil  supplied 
to  me  by  Mr.  C.  M.  Driggs  for  this  investigation,  who 
assured  me  that  it  was  perfectly  pure,  had  the  remarkably 
low  specific  gravity  of  ri6o6  at  150  C.  The  cause  of  this 
will  be  explained  in  connexion  with  the  chemical  ex¬ 
amination  of  the  oil. 
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A  new  determination  of  the  oil  of  birch  used  by  Mr. 
Pettigrew  gave  a  specific  gravity  of  ri85i  at  150  C. 
Trimble  and  Schroeter  found  the  specific  gravity  of  the 
oil  of  birch  used  by  them  to  be  i-i840  at  150  C. 

III.  Synthetic  or  Artificial  Oil  of  Wintergreen. — This 
was  found  to  have  a  specific  gravity  of  i-i838  at  150  C. 
The  produd  examined  by  Trimble  and  Schroeter  is  stated 
by  them  to  be  n833  at  150  C. 

Boiling  Points. 

These  were  determined  in  a  glass  fractionating  vessel 
with  a  Geissler  normal  thermometer,  so  adjusted  that  the 
mercurial  column  should  be  entirely  in  the  vapour  of  the 
boiling  liquid.  By  this  method  the  results  admit  of  more 
accurate  comparison,  although  the  temperatures  so  re¬ 
corded  are  probably  3  or  4  degrees  higher  than  would  be 
the  case  with  a  large  portion  of  the  tube  of  the  thermo¬ 
meter  exposed  to  the  outer  air.  In  each  case  the  baro¬ 
metric  pressure  was  also  observed  and  recorded. 

I.  Natural  Oil  of  Wintergreen. — This  was  found  to 
distil  quite  constantly  between  218  and  2210  C.,  under  a 
pressure  of  731  millimetres. 

II.  Natural  Oil  of  Birch. — The  sample  of  this  oil  began 
to  boil  somewhat  above  ioo°  C.,  but  the  main  portion  of 
the  oil  distilled  between  217  and  220°  C.,  under  a 
pressure  of  734  millimetres.  The  cause  of  the  low  boiling- 
point  of  a  portion  of  this  oil,  as  well  as  its  low  specific 
gravity,  previously  alluded  to,  will  be  subsequently  ex¬ 
plained. 

III.  Synthetic  Oil  of  Wintergreen.—  This  was  found 
to  boil  very  constantly  at  221  to  223°  C.,  under  a  pressure 
of  735  millimetres.  Trimble  and  Schroeter  record  the 
boiling-point  of  the  oils  examined  by  them  as  follows: 
wintergreen  216°  C.,  birch  2170  C.,  and  artificial  oil  of 
wintergreen  2i7c  C.  It  would  appear  probable  from  this 
that  they  observed  only  the  temperature  at  which  the  oils 
begin  to  boil,  as  it  would  be  rare  in  the  distillation  of 
any  amount  of  such  a  compound  ether  not  to  find  the 
boiling  point  fluctuate  within  the  limits  of  at  least  one  or 
two  degrees.  If,  moreover,  the  artificial  oil  of  winter- 
-  green  examined  by  them  contained  such  an  amount  of 
benzoic  acid  or  benzoate  of  methyl  as  they  have  repre¬ 
sented  (about  15  per  cent),  it  would  seem  strange  that 
the  boiling-point  should  not  have  been  somewhat  reduced, 
since  benzoate  of  methyl  is  stated  to  boil  at  iq8‘5°  C., 
under  a  pressure  of  761  millimetres  (See  Neues  Hand- 
worterbuch  der  Chemie,  Bd.  I.,  p.  1084). 

Optical  Behaviour. 

For  these  observations  the  Schmidt  and  Haensch 
improved  form  of  the  Soleil  half-shadow  polarising 
apparatus  was  employed.  The  degrees  of  rotation 
recorded  by  it  would  probably  not  agree  with  the  angular 
rotation  expressed  by  some  other  differently  adjusted 
instruments,  such  as  the  polaristrobometer  of  Willd, 
although  quite  as  useful  in  this  instance  for  the  purpose  of 
comparison. 

The  natural  oil  of  wintergreen  obtained  from  Mr. 
Wilson,  as  also  a  sample  of  oil  of  wintergreen  distilled 
in  my  own  laboratory  from  fresh  wintergreen  leaves, 
deviates  the  ray  of  polarised  light  two  degrees  to  the 
left,  in  a  tube  200  millimetres  in  length. 

The  oil  of  birch  obtained  from  Mr.  Driggs,  as  also  the 
specimen  of  oil  of  birch  previously  referred  to  as  having 
been  used  in  Mr.  Pettigrew’s  investigation,  and  the 
artificial  oil  of  wintergreen  manufactured  by  Messrs. 
Schimmel  and  Co.,  have  not  the  least  action  on  polarised 
light.  These  observations  serve  to  establish  the  follow¬ 
ing  fads: — 

1.  That  the  oil  of  wintergreen  supplied  to  me  by  Mr. 
Wilson  was  pure,  since  it  presents  the  same  optical  and 
other  physical  characters  as  the  oil  distilled  by  myself. 

2.  That  the  natural  oil  of  wintergreen  contains  a  small 
amount  of  an  optically  aCtive  substance,  which  is  not 
present  in  the  natural  and  pure  oil  of  birch. 

This  optical  activity  of  pure  wintergreen  oil  can  of 


course  only  be  attributed  to  the  small  amount  of  terpene 
which  it  contains.  The  statement  of  Trimble  and 
Schroeter  that  the  oils  of  wintergreen  and  birch  are 
physically  identical,  appears  to  be  based  simply  upon  the 
approximate  agreement  of  their  specific  gravities  and 
boiling-points. 

That  the  pure  oil  of  birch,  which  I  maintain  to  con¬ 
sist  simply  of  salicylate  of  methyl,  as  well  as  the  synthetic 
oil  of  wintergreen,  have  no  adion  on  polarised  light,  is 
also  quite  in  accordance  with  the  numerous  and  well 
authenticated  observations  that  all  ordinary  benzol  deriva¬ 
tives  in  which  the  three  double  bonds  of  the  Cq  nucleus 
remain  intaCt,  and  which  can  consequently  contain  no 
asymmetrical  carbon  atoms,  are  optically  inadive.  (Com¬ 
pare  Landolt,  Das  optische Drehungsvermcegen  organischer 
Substanzen,  1879,  pp.  22  to  30  et  seq.). 

(To  be  continued). 


THE  POLLUTION  OF  STREAMS  BY  PAPER 

WORKS. 

By  JOHN  C.  THRESH,  D.Sc.,  M.B., 

Medical  Officer  of  Health. 


In  the  list  of  subjects  submitted  to  Members  of  this 
Association  as  suitable  for  discussion  before  the  Public 
Health  Sedion  was  the  one  now  introduced.  I  was  led 
to  seled  it  because  on  several  occasions  I  have  had  to 
examine  the  waste  produds  from  paper  mills,  to  ascertain 
their  effed  upon  the  streams  into  which  they  were  cast, 
and  have  also  had  to  advise  how  the  pollution  of  com¬ 
paratively  pure  streams  could  be  prevented,  and  to  devise 
processes  whereby  the  filthy  river  waters  of  Lancashire 
could  be  rendered  sufficiently  pure  for  use  in  the  manu- 
fadure  of  paper. 

A  paper  on  such  a  subjed  as  this  must  necessarily  be 
more  or  less  technical  in  charader,  but  County  Medical 
Officers  and  those  aspiring  to  hold  such  positions  will 
require  to  make  themselves  acquainted  with  many  trade 
processes  if  they  wish  to  become  efficient  in  the  discharge 
of  their  duties.  In  the  short  time  allotted  for  the  reading 
of  the  paper  I  will  endeavour  to  give  as  clear  an  account 
as  possible  of  the  origin  of  the  matters  with  which  paper 
makers  pollute  our  streams,  and  also  of  the  methods 
which  have  been  proved  pradicable  for  preventing  such 
defilement. 

The  amount  of  polluting  material  produced  by  a  paper 
mill  depends  upon  its  size,  and  also  upon  the  kind  of 
fibre-yielding  material  used,  and  the  special  quality  or 
kind  of  paper  manufadured.  The  largest  amount  is  pro¬ 
duced  by  the  mills  using  Esparto  grass  for  newspaper 
making,  and  the  smallest  by  the  makers  of  millboard  and 
of  brown  and  other  coarse  kinds  of  paper. 

In  order  to  realise  the  relative  importance  of  the  various 
waste  produds  it  will  be  necessary  to  enumerate  the 
materials  used  in  paper  making,  to  classify  the  waste 
materials,  and  to  briefly  describe  the  processes  by  which 
they  are  produced. 

The  raw  materials  used  in  paper  making  may  be 
grouped  in  three  classes  : — 

1.  The  fibre-yielding  materials.  Esparto  grass,  straw, 

wood-pulp,  rags,  paper  shavings,  old  sacks,  ropes, 
cotton-waste,  &c. 

2.  The  chemicals  used  in  preparing  the  fibre.  Caustic 

soda  (usually  manufadured  at  the  paper  works 
from  soda-ash  and  lime),  chloride  of  lime,  anti- 
chlor  (sodium  thiosulphate),  &c. 

3.  The  substances  used  in  glazing,  colouring,  and 

weighting  the  paper.  China  clay,  ultiamarine, 
ochre,  alum,  glue,  resin,  &c. 

The  first  stage  in  the  process  of  paper  making  is  the 


*  Read  before  the  British  Medical  Association,  Birmingham,  1890 


Chemical  News,  \ 

Aug.  8,  1890.  / 

beating  or  “  dusting  ”  of  the  raw  material  to  remove  as 
much  as  possible  of  the  dirt  and  dust.  The  fibre-yielding 
material  is  then  packed  in  large  iron  cylinders  and  heated 
under  pressure  with  strong  caustic  ley.  The  usual 
charge  of  a  boiler  is  50  cwts.  of  Esparto  or  20  cwts.  of 
straw,  with  an  amount  of  caustic  ley  corresponding  to 
17  or  18  lbs.  of  caustic  soda  per  cwt.  of  material  and 
about  1400  galls,  of  water.  For  rags  a  much  smaller 
quantity  of  alkali  is  required,  probably  on  an  average 
only  3  lbs.  of  caustic  soda  to  the  cwt.  Where  prepared 
wood-pulp  or  paper  shavings  are  used  this  boiling  process 
is  unnecessary,  the  material  being  already  what  is  tech¬ 
nically  called  “  half  stuff.”  After  boiling  the  liquor  is 
drawn  off,  and,  in  the  majority  of  cases,  is  allowed  to 
flow  direCtly  into  the  river.  This  waste  ley.  technically 
called  “  boilings,”  varies  in  composition  with  the  nature 
of  the  material  treated.  The  Esparto  “  boilings  ”  are 
dark  reddish  brown  in  colour,  almost  black  in  bulk,  and 
have  a  very  characteristic  balsamic  odour.  The  reaction 
is  strongly  alkaline,  and  it  froths  very  freely,  even  when 
largely  diluted  with  water.  It  is  the  cause  of  the  abundant 
froth  found  near  the  weirs  on  streams  into  which  it  is 
cast.  I  find  the  average  density  is  1060,  and  each  gallon 
contains  about  8000  grains  of  solid  matter  in  solution,  of 
which  about  5000  grains  consists  of  organic  matter 
derived  from  the  Esparto.  Grass  “boilings”  are  not 
quite  so  dark  in  colour,  have  no  balsamic  odour,  and  con¬ 
tain  about  3600  grains  of  matter  in  solution,  of  which  a 
little  over  2000  are  organic.  The  density  is  about  1030. 
Both  contain  a  little  caustic  soda,  the  former,  on  an 
average,  500  grains,  and  the  latter  100  grains  per  gallon 
of  the  “  boilings.”  Rag  boilings  vary  considerably  in 
colour,  strength,  &c.,  according  to  the  quality  of  rag 
treated.  Most  paper  makers  regard  rag  boilings  as  much 
more  objectionable  polluting  agents  than  Esparto  or  grass 
boilings.  When  thrown  into  a  stream  with  lime  residues 
or  waste  bleach  liquor  a  glutinous  precipitate  forms,  ad¬ 
hering  to  the  sides  and  bed  of  the  river  and,  when  ex¬ 
posed,  readily  decomposing  and  becoming  offensive. 

To  make  one  ton  of  paper  about  two  tons  of  Esparto 
or  grass  are  required  ;  the  amount  of  organic  matter  there¬ 
fore  removed  by  the  “boiling”  and  subsequent  washing 
is  simply  enormous.  On  one  small  stream  in  Scotland 
I  found  there  were  six  paper  mills,  casting  into  it  every 
day  26  tons  of  solid  matter,  of  which  at  least  12  tons  was 
organic,  and  I  know  one  large  paper  mill  at  Lancashire 
which  alone  throws  daily  into  the  adjoining  stream  fully 
this  amount  of  polluting  matter.  At  this  mill  no  attempt 
was  made  to  utilise  any  portion  of  these  waste  materials 
until  I  showed  that  one  portion  could  be  used  for  purifying 
the  filthy  river  water  in  order  to  enable  it  to  be  used  in 
the  works.  Unfortunately  the  sludge  so  produced  is 
periodically  flushed  into  the  river,  so  that  its  last  state  is, 
if  possible,  worse  than  its  first. 

Returning  now  to  the  process  of  paper  making.  After 
the  strong  ley  or  “  boilings  ”  had  been  drained  away, 
cold  water  is  run  into  the  boiler,  and  this,  when  drawn 
off,  constitutes  the  “  first  coolings,”  and  consists  of  ley 
about  one-third  the  strength  of  the  original  “  boiling.” 
The  washing  process  is  repeated  several  times,  producing 
second,  third  “  coolings,”  &c.,  which  of  course  consist  of 
still  further  diluted  ley.  After  the  process  of  cooling  is 
completed,  the  fibre  passes  to  the  “  beating  engine,”  to  be 
pulped  and  washed  with  a  still  larger  quantity  of  water. 
It  is  next  transferred  to  the  bleaching  tanks  to  be  treated 
with  a  clear  solution  of  bleaching-powder,  in  the  making 
of  which  another  waste  product  arises — -the  calcium 
hydrate  or  insoluble  portion  of  the  bleaching-powder. 
During  the  bleaching  processs  the  hypochlorite  of  calcium 
in  solution  becomes  converted  into  the  chloride,  and  this 
solution  is  also  thrown  into  the  streams.  After  bleaching, 
the  fibre  is  again  washed,  and  finally  with  or  without  the 
addition  of  China  clay,  size,  colouring-matter,  &c.,  it 
passes  on  to  the  paper  machine.  The  machine  water,  if 
containing  the  size,  &c.,  is  usually  pumped  back  and 
used  over  and  over  again. 
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In  making  millboard  and  the  coarser  kinds  of  paper  the 
bleaching  and  washing  processes  are  considerably  cur¬ 
tailed. 

We  are  now  in  a  position  to  classify  and  consider  the 
various  sources  of  river  pollution  from  the  paper  making 
industry.  We  may  divide  them  into  two  group; — the 
solids  and  the  liquids. 

The  solids  comprise — 

1.  The  dirt  and  dust  collected  during  the  “  dusting  ”  of 

the  fibre-producing  material. 

2.  The  carbonate  of  lime  resulting  from  the  manufacture 

of  the  caustic  soda. 

3.  The  insoluble  portion  of  the  bleaching-powder. 

The  liquids  comprise — 

1.  The  “boilings  ”  and  “  coolings.” 

2.  The  washings  from  the  pulping  machine  (breaking 

engine)  and  other  waste  wash  waters. 

3.  The  waste  bleach. 

4.  The  waste  from  paper  machine  containing  size, 

colouring  material,  &c. 

(We  may  take  most  of  these  seriatim). 

The  “  dustings  ”  are  most  considerable  where  Esparto 
is  largely  used.  As  it  is  rarely  cast  into  the  streams,  and 
usually  finds  a  ready  sale  for  manurial  purposes,  we  need 
not  further  consider  it. 

The  lime  residues  are  in  most  cases  thrown,  either 
openly  or  surreptitiously,  into  the  rivers.  There  can  be  no 
excuse  for  such  pollution.  The  lime  residue  from  the 
soda-making  process  should  be  allowed  to  drain  in  tanks, 
made  in  duplicate.  Whilst  one  is  filling  the  other  is 
draining,  and,  when  sufficiently  dry,  should  be  carted  away. 
In  some  districts  the  farmers  would  gladly  avail  them¬ 
selves  of  it  for  agricultural  purposes.  The  slacked  lime 
forming  the  insoluble  portion  of  the  bleach  should  be 
utilised  in  causticising  the  soda  ash. 

Of  the  fluid  polluting  materials,  by  far  the  most  im¬ 
portant  are  the  alkaline  boilings  and  coolings,  and  these 
we  will  consider  last.  In  the  washings  from  the 
“  breaker  ”  engine  the  suspended  fibrous  material  is  the 
most  objectionable  constituent.  These  washings  vary  in 
composition  during  various  stages  of  the  process.  A 
sample  of  mixed  washings,  when  examined,  contained  in 
each  gallon  — 

Matters  in  solution .  52  grains. 

Matters  in  suspension  ..  ..  170  ,, 

Total  ..  222  ,, 

The  reaction  was  faintly  alkaline. 

By  passing  this  liquid  through  fine  wire  cloth  “  save- 
alls  ”  a  considerable  portion  of  the  fibre  is  recovered,  but 
a  portion  passes  through  and  remains  in  suspension. 
This  strained  fluid,  especially  if  mixed  with  the  waste 
from  the  paper  machine  containing  size,  &c.,  forms  a 
turbid  mixture  which  it  is  most  difficult  to  treat.  The 
solid  particles  settle  very  slowly,  and  rapidly  choke  up  all 
kinds  of  filters.  Where  sewers  are  available,  and  pro¬ 
vided  the  quantity  is  not  too  considerable,  I  see  no 
objection  to  the  strained  solution  being  allowed  to  flow 
therein.  As  the  washing  processes  are  at  present  con¬ 
ducted  an  enormous  amount  of  water  is  used,  but  it  has 
been  proved  over  and  over  again  that  if  the  fibre  be  more 
thoroughly  washed  by  percolation  before  removal  from 
the  boilers  the  amount  of  water  subsequently  required 
for  washing  in  the  breaker  engine  is  reduced  very  con¬ 
siderably.  Such  a  change  in  the  process  of  manufacture 
necessitates  the  use  of  a  larger  number  of  boilers  in  pro¬ 
portion  to  the  paper  made,  and  therefore  the  outlay  of 
more  capital,  but  on  the  other  hand  it  is  more  economical 
because  a  much  smaller  amount  of  fibre  is  lost  in  the 
washing.  Where  no  sewer  is  available,  or  the  amount  of 
turbid  fluid  produced  is  considerable,  it  may  be  passed 
through  settling  tanks  and  precipitation  hastened  by  the 
addition  of  a  little  sulphate  of  alumina.  The  sludge 
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Source  of  sample. 

P.c. 

of 

sewage. 

P.c.  of 
mill 

disch’ge. 

Appearance. 

Rea<5tion. 

Loss 

Total  on  Cblor-  Nitrites.  Oxygen  Free  Organic 
solids,  ignit’n.  ides.  used.  Am.  Am. 

Grains  per  gallon.  Parts  per  million. 

_ L 

Water  from  stream 
above  all  the 
mills. 

- — 

— 

Brown,  peaty, 
turbid. 

Neutral. 

7* 

3* 

*5 

None. 

w  *1 

CO 

0'12 

070 

Below  two  large 
paper  mills. 

0‘2 

5’® 

Brown,  with 
numerous 
fiocculas. 

Do. 

13* 

5*5 

I'O 

Do. 

5*2 

0‘10 

I'lO 

Below  all  (6)  the 
paper  mills. 

07 

7*9 

Do. 

Faintly 

alkaline. 

I5* 

6-o 

2-4 

Do. 

7-6 

O'H 

i'8o 

Still  lower,  beyond 
a  sewer  outfall. 

I’2* 

7*6 

Do. 

Do. 

3i* 

14*5 

2  '0 

Large 

trace. 

9*5 

0-85 

2-6 

*  Probably  understated.  Flow  very  variable 


would  have  to  be  drained  and  carted  away,  possibly  it 
would  be  used  as  manure.  In  most  cases  the  effluent 
would  be  sufficiently  pure  to  pass  into  the  stream.  Where 
a  still  higher  standard  of  purity  is  for  any  reason  required 
intermittent  filtration  through  land  as  suggested  by  the 
Rivers  Pollution  Commissioners  would  have  to  be  resorted 
to. 

The  v/aste  bleach  consists  of  a  solution  of  calcium 
chloride  with  a  little  fibre  in  suspension.  This  might  be 
mixed  with  the  washings  from  the  “  breaker”  engine  and 
treated  therewith,  and  the  same  may  be  said  of  the  waste 
from  the  paper-making  machine.  Where  the  “  boilings  ” 
are  run  into  the  river  with  the  waste  bleach  is  said  to 
cause  a  flocculent  precipitate  settling  in  the  deep  pools 
and  quiet  'corners.  I  do  not  regard  this  objection  as 
well  founded,  especially  in  works  where  Esparto  and 
straw  are  chiefly  used,  for  I  found  on  mixing  fairly  strong 
solutions  the  precipitate  which  formed  settled  very 
slowly,  and  became  again  diffused  by  the  slightest  agita¬ 
tion,  and  it  showed  no  signs  of  adhering  to  the  sides  of 
the  containing  vessel.  Dilute  solutions  (i  in  200)  produced 
only  a  turbidity,  and  after  standing  12  hours  there  was 
no  sediment  deposited.  These  experiments  were 
conducted  to  ascertain  whether  the  mixed  liquors,  if 
allowed  to  flow  into  a  sewer,  would  tend  to  form  a  deposit 
therein.  The  conclusion  I  arrived  at  was  that  the 
alkaline  fluid  had  a  cleansing  rather  than  a  fouling 
action. 

We  must  now  consider  the  “  boilings  ”  and  “  coolings,” 
which  constitute  by  far  the  most  serious  source  of  pollu¬ 
tion,  both  as  regards  quality  and  quantity.  The  ob¬ 
jectionable  constituents  are  the  free  alkali,  the  soap 
formed  by  the  adtion  of  the  alkali  on  the  resinous  con¬ 
stituents  of  the  fibre,  and  the  other  organic  matters  also 
held  in  solution.  In  the  first  place  the  amount  of  these 
fluids  should  be  reduced  to  a  minimum  by  a  more 
systematic  and  efficient  method  of  removing  the  ley  from 
the  fibre.  At  the  present  time  about  two-thirds  of  the 
polluting  matter  is  removed  at  each  drawing  off,  so  that 
the  boilings,  when  withdrawn,  leave  one-third  behind, 
the  first  coolings  one-ninth,  and  the  third  one-twenty- 
seventh.  By  a  little  different  manipulation  three-fourths 
of  the  ley  can  be  withdrawn  each  time,  so  that  the 
“  boilings  ”  and  “  first  coolings  ”  together  would  contain 
fifteen-sixteenths,  or  nearly  94  per  cent  of  the  polluting 
matter.  The  next  cooling  would  contain  4  per  cent, 
leaving  only  about  2  per  cent  to  be  removed  by  further 
washing.  The  soda  could  then  be  recovered  from  the 
“boilings”  and  “first  coolings,”  whilst  the  “second 
cooling  ”  could  be  used  for  making  fresh  caustic  ley. 
The  farther  washings  could  be  mingled  with  those  from 
the  breaker  engine  and  treated  therewith. 

In  a  few  mills  the  soda  is  recovered  from  the  “  boilings ,0 
only,  the  “  coolings  ”  passing  into  the  river,  and  in  a  still 
smaller  number  of  mills  the  “  boilings  ”  and  first 
“  coolings  ”  are  evaporated.  The  old  method  of  soda 
recovery  consists  in  evaporating  the  alkaline  liquors  in 
shallow  open  pans,  to  drive  off  the  water,  and  partially 


burn  the  residue.  The  solid  matter  is  then  fired  in 
caves,  for  it  contains  a  considerable  amount  of  combusti¬ 
ble  matter,  whereby  the  mass  smoulders,  leaving  behind 
an  impure  soda  ash.  This  process  gives  rise  to  a  serious 
nuisance  from  the  disagreeable  odour  evolved,  and  a  very 
large  amount  of  soda  is  lost  in  the  dense  fumes  given  off. 
Less  than  50  per  cent  of  soda  is  recovered  by  this  primi¬ 
tive  method. 

The  two  more  modern  and  most  economical  processes  for 
soda  recovery  are  the  “  Porion  ”  and  the  “Yahyan.” 
The  “  Porion”  system  is  the  invention  of  the  late  Emile 
Porion,  a  wealthy  distiller  of  Wardrecques,  Pas  de  Calais. 
A  diagram  of  a  sedtion  of  the  whole  apparatus  is  ex¬ 
hibited.  At  the  commencement  of  the  apparatus  are  the 
fireplaces,  behind  this  in  succession  are  the  calcining 
hearths,  the  combustion  chamber,  the  “.Porion”  cham¬ 
ber,  and  the  chimney.  Over  the  calcining  hearth  and 
combustion  chamber  are  placed  shallow  pans  for  heating 
the  alkaline  liquid  by  the  waste  heat.  When  this  liquid 
has  reached  the  boiling  point  it  is  allowed  to  flow  into 
the  “  Porion  ”  chamber,  where  it  is  dashed  into  spray  and 
evaporated  by  the  passage  through  it  of  the  intensely 
heated  air  from  the  furnace  to  a  suitable  strength  for 
further  treatment.  It  is  then  run  into  a  tank  placed  over 
calciners  to  keep  it  hot  and  fluid.  It  flows  from  here  to 
the  calcining  hearth,  where,  by  the  adtion  of  the  flame 
from  the  furnace,  the  organic  matter  is  all  consumed,  and 
impure  soda  ash  alone  remains. 

This  process  will  recover  80  per  cent  of  the  soda  ash 
at  a  cost  of  about  £1  8s.  per  ton  of  46  per  cent  ash. 

The  “  Yahyan  ”  system  of  evaporation  was  worked  out 
by  the  American  engineer  whose  name  it  bears.  Here 
the  evaporation  is  quite  distindl  from  the  calcination,  and 
is  effected  in  a  “multiple  effedt  ”  vacuum  apparatus. 
(A  diagram  of  the  most  recent  form  of  the  apparatus 
was  exhibited).  The  liquid  to  be  evaporated  is 
passed  through  a  series  of  tubes,  each  set  of 
coils  being  enclosed  in  an  iron  cylinder  containing  super¬ 
heated  steam  (25  lbs.  pressure).  By  aid  of  a  pumping 
engine  and  condenser,  a  high  vacuum  is  maintained  in 
the  tubes  in  the  last  cylinder  (four  cylinders  are  em¬ 
ployed  in  the  most  effedtive  form  of  the  apparatus).  The 
fluid  is  passed  continuously  into  the  tube  of  the  first 
cylinder,  where  it  begins  to  boil  vigorously,  and  is  drawn 
rapidly  forward,  flowing  out  of  the  fourth  cylinder  in  a 
condition  suitable  for  introdudlion  into  any  form  of 
roaster  or  calciner.  At  the  Esk  Taper  Mills,  Messrs. 
Brown  and  Co.  have  adopted  this  process  of  evaporation, 
and  calcine  the  residue  in  one  of  their  patent  Duplex 
Reversible  Roasters.  They  state  the  cost  of  recovering 
the  soda  ash  does  not  exceed  15s.  per  ton. 

In  the  United  States,  where  more  attention  is  paid  to 
the  utilisation  of  by-prcdudts,  still  better  results  have 
been  obtained.  The  recovery  of  soda  from  weak  waste 
liquor  has  been  brought  to  such  perfection  that  not  more 
than  three  to  five  cwts.  of  coal  are  used  per  ton  of  48  per 
cent  ash  recovered,  whilst  the  percentage  of  recovered 
ash,  compared  with  the  total  consumption  is  from  80  to 
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90  per  cent.  These  results  are  obtained  by  using  the 
“  Warren  Rotary  Furnace  ”  and  Yahyan  evaporator.  The 
waste  heat  from  the  furnace  is  utilised  for  raising  steam 
to  work  the  vacuum  pump,  so  that  the  only  coal  used  for 
the  recovery  of  ash  is  that  burned  in  the  fire  box  of  the 
rotary  furnace.  A  large  plant  of  this  kind  is  now  being 
ereCted  at  an  English  paper  mill. 

It  is  unnecessary  for  us  to  discuss  the  relative  advan- 
tages  and  disadvantages  of  the  rival  systems.  It  is 
enough  that  we  are  satisfied  that  by  either  the  paper 
manufacturer  can  not  only  get  rid  of  his  alkaline  liquors, 
but  do  so  at  an  aCtual  profit  to  himself.  A  knowledge  of 
the  faCt  that  this  can  be  done,  that  the  prohibition  of  the 
pollution  of  rivers  by  the  alkaline  leys  will  not  prejudice 
the  industry,  is  one  of  great  importance  to  County 
Councils  and  all  Sanitary  Authorities  having  paper  manu¬ 
factories  within  their  districts.  There  needs  be  no 
anxiety  about  enforcing  the  law,  and  we  may  reasonably 
hope  that  before  long  some  systematic  attempt  will  be 
made  in  some  country  or  district  to  compel  all  the  paper 
makers  to  use  the  “  best  practical  and  available  means  ” 
of  treating  their  waste  products,  instead  of  casting  them 
all  into  the  rivers  and  streams,  as  is  almost  the  universal 
practice  now. 

In  conclusion,  I  append  a  table  of  analyses  of  the  water 
taken  from  various  points  along  the  course  of  a  river  re¬ 
ceiving  the  discharges  of  a  number  of  paper  mills,  andthe 
sewage  from  villages,  &c.,  on  its  banks.  The  calculated 
percentages  of  sewage  and  fluid  mill  discharges  are  also 
given.  Considering  the  large  proportion  of  mill  dis¬ 
charge,  it  will  be  noticed  that  the  impurity  is  not  so  large 
as  would  be  expected,  but  it  must  be  remembered  that 
these  waste  products  are  not  passed  in  uniformly  and 
continuously,  but  only  at  intervals,  often  during  the  night. 
In  some  cases  also  the  lime  residues  are  stored  until  the 
river  is  in  flood,  when  they  are  boldly  flushed  in  and 
rapidly  carried  away. 


THE  FIXATION  OF  ATMOSPHERIC 
NITROGEN.* * 

By  A.  A.  BRENEMAN,  S.  B.+ 
Introduction. 

The  great  industrial  problem  indicated  in  the  tide  of  this 
article  has  been  before  chemists  for  half  a  century.  It  is 
doubtful  whether  there  has  been  any  real  progress 
towards  its  solution  since  the  ending  of  the  first  attempts 
to  manufacture  cyanides  commercially  and  economically 
made  by  Possoz  and  Boissiere,  at  Newcastle-upon-Tyne, 
in  1844-1847.  It  would  seem  that  the  development  of 
chemical  theory  within  the  same  period  should  have 
thrown  some  light  upon  the  more  obscure  points  of  the 
process,  and  the  author  has  attempted  in  the  following 
pages  to  define  the  present  aspeCt  of  the  problem, 
theoretically  as  well  as  practically.  That  the  treatment 
is  inadequate  to  the  greatness  of  the  subject  he  is  fully 
aware.  The  limitations  of  his  own  time  have  made  a 
fuller  inquiry  impossible  at  present.  He  can  only  hope 
that  others  may  be  led  to  follow  up  the  subject  more 
thoroughly.  There  is  room  for  further  experiment  in  this 
direction,  both  in  the  laboratory  and  on  a  large  scale. 
The  fixation  of  atmospheric  nitrogen  is  an  industrial 
problem  to  be  be  compared  with  that  involved  in  the 
manufacture  of  ammonia  soda  or  of  water-gas,  each  of 
which  passed  through  quite  as  discouraging  an  experience 
before  attaining  success  as  has,  so  far,  been  the  lot  of  the 
nitrogen  question.  The  question  is  still  an  open  one, 
inviting  further  investigation.  It  has  been  taken  up  anew 
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in  recent  years  by  Berthelot,  from  the  theoretical  side, 
and  by  Weldon  from  the  industrial  or  practical  side,  and 
there  is  nothing  in  theory  or  practice  at  present  to  warrant 
the  assumption  that  it  is  a  hopeless  question  ;  in  com¬ 
mercial  importance  it  outranks  either  of  the  processes 
mentioned. 

The  matter  given  herewith  relates  principally  to  the  pre¬ 
paration  of  cyanogen.  The  question  of  the  synthesis  of 
ammonia  has  been  put  somewhat  in  the  background  for 
lack  of  time  and  space.  It  is  evident,  however,  that  the 
fixation  of  atmospheric  nitrogen  in  any  one  form  is  the 
solution  of  the  general  problem. 

Part  I. — Historical  Summary. 

Showing  the  Progress  and  Development  of  Pro¬ 
cesses  for  the  Manufacture  of  Cyanogen  and 
its  Derivatives. 

Prussian  Blue. 

The  familiar  colouring  matter,  prussian  blue,  was  dis¬ 
covered  about  1710,  but  the  chemical  substance  cyanogen, 
the  radical  common  to  prussian  blue  and  to  a  large  series 
of  complex  substances  now  known  to  chemistry,  was  not 
isolated  until  more  than  a  hundred  years  later.  The 
name  cyanogen  (generator  of  blue)  was  given  by  Gay 
Lussac,  in  1814,  to  the  new  substance  which  he  found  to 
be  the  characteristic  ingredient  of  this  blue  and  of  com¬ 
pounds  related  to  it.  The  familiar  name  of  “  Prussiates,” 
still  applied  in  trade  to  the  double  cyanides  of  iron  and 
potassium,  as  well  as  the  common  name  “  Prussic 
Acid,”  by  which  hydrocyanic  acid  is  known,  bear  evidence 
of  the  importance  which  the  blue  colour  originating  in 
Prussia  had  early  acquired  as  a  commercial  product. 

Some  time  before  the  year  1710*  a  German  manufac¬ 
turer  named  Diesbach,  working  with  the  so-called  Dippel’s 
animal  oil  (commonly  obtained  by  destructive  distillation 
of  bones,  blood,  or  other  animal  waste)  happened,  in 
handling  a  sample  of  this  oil  made  from  blood,  to  add  to 
it  a  solution  of  potash  (crude  potassium  carbonate)  and 
obtained  thereby  a  blue  colour.  The  process  was  soon 
applied  upon  a  commercial  scale.  It  was  first  described 
in  a  book  called  Miscellanea  Berolinensia,  published  in 
1710.  But  the  discoverer  of  the  colour  was  not  known 
by  name  until  mentioned  by  Scheele  in  1731. 

Woodward  and  Brown,  English  chemists,  each  pub¬ 
lished  a  paper  in  1724  upon  the  new  blue.  Woodward 
refers  to  a  German  from  whom  he  had  received  directions 
for  preparation  of  the  blue,  but  gives  no  name.f 

The  process,  as  reported  by  Woodward,  consisted  in 
deflagrating  a  mixture  of  saltpetre  and  argols  (crude 
potassium  bitartrate)  and  fusing  the  product  with  dried 
blood.  The  resulting  mass  was  lixiviated  with  water  and 
the  solution  was  treated  with  copperas  and  alum,  pro¬ 
ducing  a  greenish  precipitate,  which  on  heating  with 
hydrochloric  acid,  yielded  the  blue  colour  which  has  since 
been  known  as  Prussian  or  Berlin  blue.  Brown  ( loc .  cit.) 
substituted  animal  flesh  for  blood  in  the  process.  He 
also  suggested  that  iron  was  essential  to  the  colour  of  the 
new  substance. 

Geoffry,  in  1725,  proposed  the  use  of  wool  and  charred 
horn  instead  of  blood  or  flesh. 

Scheele  in  1731  published  the  name  of  Diesbach  as  the 
original  discoverer.  (R.  W.,  loc.  cit.) 

In  later  modifications  the  use  of  nitre  was  abandoned 
and  scrap  iron  was  added  to  the  mixture.  The  process 
as  thus  originated  is,  in  its  essential  features,  that 
which  exists  to-day  for  the  manufacture  of  potassium 
ferrocyanide,  from  which  prussian  blue  is  made  by  pre¬ 
cipitation  with  a  ferric  solution. 


*  "  Richardson-Watt’s  Chemical  Technology,”  vo!.  i.,  p.  1  et  sea 
(Referred  to  hereafter  as  R.W.)  ’  l' 

I  Phil.  Trans.,  1724.  33-34.  15-25.  In  the  original  edition  of  the 
Transactions,  Woodward’s  article  is  in  Latin  and  the  name  of  Dies¬ 
bach  is  not  mentioned.  In  the  later,  uniform  edition  the  article  is  in 
English,  and  The  name  of  Diesbach  is  given,  in  a  foot  note,  as  the 
German  referred  to.— B. 
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Potassium  Ferrocyanide. 

Macquer  (1750 — 60?)  first  made  ordinary  yellow  prus- 
siate  of  potash  (potassium  ferrocyanide)  in  the  crystalline 
form  by  treating  prussian  blue  with  a  concentrated  solu¬ 
tion  of  caustic  potash. 

Beaurne  in  1773  proved  the  presence  of  iron  in  the  same 
salt.  The  fadt  that  iron  was  an  essential  ingredient  of 
the  salt  remained  for  a  long  time  unknown  ;  as  the  pro¬ 
portion  of  iron  varied  in  blue  from  different  sources  it  was 
regarded  as  an  impurity  and  many  attempts  were  made 
to  prepare  a  blue  free  from  iron.  Berthollet  (1800 — 1806) 
determined  the  iron  quantitatively. 

The  researches  of  Gay  Lussac,  in  1814,  first  placed  the 
composition  of  prussian  blue  and  its  related  substances 
upon  an  intelligible  basis  by  showing  that  they  all  con¬ 
tain  the  radical  cyanogen,  a  compound  of  carbon  and 
nitrogen  (CN)  which  combines  with  hydrogen  to  form  an 
acid  and  with  metals  to  form  simpler  or  complex  cyanides, 
of  which  latter  prussian  blue,  ferric  ferrocyanide, 
(Fe7(CN)i8)  is  a  good  example. 

This  knowledge  at  once  led  to  inquiries  into  the 
chemistry  of  the  commercial  manufacture  of  yellow 
prussiate  of  potash,  a  process  which  had  previously  been 
purely  empirical. 

The  researches  of  Liebig  led  to  the  general  theory  at 
present  accepted,  namely,  that  potassium  cyanide  is  the 
first  produdt  of  the  fusion  of  nitrogenous  animal  matters 
with  potash,  and  that  the  yellow  prussiate  found  in  the 
1  iquor  after  leaching  the  fused  mass  results  from  decom¬ 
position  occurring  between  potassium  cyanide  and  a  com¬ 
pound  of  iron,  generally  ferrous  sulphide,  which  is  formed 
in  the  fused  mass  by  aCtion  of  metallic  iron  upon  the 
sulphur  of  the  animal  matters.  In  proof  of  this  view 
potassium  cyanide  can  be  extracted  by  alcohol  from  the 
fused  mass  previous  to  the  addition  of  water. 

Muspratt,  in  1820  ( loc .  cit.)  obtained  by  direCt  lixivia- 
tion  of  the  fused  mass  crystallised  yellow  prussiate,  which 
had  been  obtained  previously,  by  the  method  of  Macquer, 
from  prussian  blue. 

Mackintosh  in  1824  used  closed  pots  for  fusion  and 
applied  mechanical  stirrers. 

Gautier  (J.  de  Pharm .,  1827,  n)  suggested  in  1827  and 
Gentele  (Dingl.  pol.  J.,  cxxix.,  362)  in  1835  practically 
applied  the  use  of  raw  animal  matter  instead  of  charring 
it  before  fusion  with  potash,  as  had  been  done  previously. 

Naumann  in  1837  allowed  the  flame  to  play  direCtly 
upon  the  fused  materials. 

Up  to  this  time  the  large  loss  of  nitrogen  during  fusion 
and  the  small  yield  of  ferrocyanide  with  respeCt  to  the 
theoretical  yield  (never  more  than  one-third,  generally 
much  less)  seems  to  have  attracted  comparatively  little 
attention.  But  the  increasing  demand  for  the  prussiates 
in  dyeing,  and  the  relatively  greater  cost  of  animal  waste 
drew  attention  to  the  chemical  problem  involved  in  pre¬ 
venting  this  escape  of  nitrogen.  It  was  found  that  the 
nitrogen  was  volatilised  largely  during  fusion,  as  ammonia 
or  organic  bases,  and  the  collection  and  utilisation  of 
these  was  attempted. 

Kuhlmann  in  1838  (J.  pr.  Cli.,  xxvi.,  410)  discovered 
that  when  ammonia  was  passed  over  red  hot  charcoal, 
cyanogen  and  ammonium  cyanide  were  formed,  and  by 
using  a  mixture  of  charcoal  and  potash  for  absorption  he 
obtained  potassium  cyanide. 

The  idea  of  obtaining  cyanides  by  passing  ammonia 
over  hot  carbon,  however,  was  probably  of  earlier  origin. 

Jaquemyn,  applying  this  idea,  passed  the  vapours  from 
the  prussiate  pots  over  hot  charcoal  to  obtain  cyanides, 
and  Berry  (Eng.  Pat.,  Jan.  21,  1840;  fsb.  chem.  Tech., 
1858,  184)  patented  the  same  principle. 

These  faCts  relating  to  the  conversion  of  ammonia  into 
cyanides  by  the  aCtion  of  hot  carbon  are  of  interest  as 
showing  the  development  of  chemical  ideas  upon  the 
subject  of  cyanogen.  They  had  their  origin,  however, 
mainly  in  the  practical  experience  of  the  prussiate  manu¬ 
facture,  with  its  waste  of  nitrogenous  vapours.  Whatever 
interest  they  may  have  in  connection  with  the  history  of 
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the  subject,  they  probably  would  not  have  led  to  the  idea 
of  atmospheric  nitrogen  as  a  source  of  cyanogen,  except 
for  another  discovery  originating  also  in  an  industrial 
process. 

Cyanogen  from  Atmospheric  Nitrogen. 

Zinken  in  1813  (f.  pr.  Cli.,  xxv.,  246)  had  found  a  mass 
of  fused  salt  mixed  with  carbonaceous  matter  in  the  lower 
part  of  a  furnace  at  Rothehiite,  which  he  partly  examined 
and  supposed  to  be  principally  chlorides.  Koch  (loc.  cit.) 
found  a  similar  mass  at  Konigshiite  in  1819.  Berthier 
(Jsb.  chem.  Tech.,  1879,  28)  also  in  in  1826  remarked  the 
presence  of  potassium  carbonate  as  fused  salt  in  the  lower 
part  of  an  iron  furnace.  No  one  seems  to  have  tested 
these  deposits  or  exudations  for  cyanogen  until  Dawes  in 
1835  announced  the  existence  of  potassium  cyanide  in 
them.  No  quantitative  determination  was  made. 

In  1837  Neilson  first  introduced  the  use  of  the  hot  blast 
at  the  Clyde  iron  furnaces.  Shortly  afterwards,*  a 
peculiar  exudation  of  fused  salt  which  hardened  on  reach¬ 
ing  the  air  to  a  white,  opaque  mass  was  noticed  upon  the 
walls  of  the  furnace  near  the  boshes.  The  substance  was 
regarded  with  much  curiosity,  and  it  is  related  by  Clark, 
who  made  the  first  analysis  of  the  product,  that  its  alka¬ 
line  character  was  soon  discovered  by  the  workman  and 
that  it  was  used  by  the  wife  of  one  of  them,  for  a  time, 
as  a  substitute  for  soap  in  washing  clothes,  f 

Clark’s  analysis  showed  it  to  contain  potassium  cyanide 
43-4  per  cent,  potassium  carbonate  45-8  per  cent.  No 
ferrocyanide  was  present.  The  mixture  gave  no  blue 
colour  on  addition  of  hydrochloric  acid,  but  yielded  a  blue 
precipitate  when  ferrous  sulphate  (copperas)  was  added 
previous  to  the  addition  of  the  acid  in  excess.  This 
furnace  went  on  producing  potassium  cyanide  for  three 
years  from  this  time. 

Zinken  and  Bromeis  (f.  pr.  Cli.,  xxv.,  246)  found  in  the 
bottom  of  a  hot  blast  charcoal  furnace  at  Magdesprung 
in  the  Harz  a  carbonaceous  mass  containing  iron  and  lead 
and  a  saline  matter,  which,  on  lixiviation,  yielded  the  fol¬ 
lowing  potassium  salts,  namely,  ferrocyanide,  cyanide, 
carbonate,  silicate,  and  manganate.  A  similar  substance 
was  noticed  by  Redtenbacher  (R.  W.,  loc.  cit.)  in  a  hot 
blast  furnace  at  Mariazoll  in  Styria.  Potassium  cyanide 
was  produced  so  abundantly  in  this  case  that  it  was  sold 
commercially  for  galvanic  gilding.  The  substance  was 
found  at  the  light  hole,  where  the  gases  issue,  and  also 
in  the  pipes  through  which  the  gases  pass  from  the 
furnace  to  the  stove.); 

Bunsen  and  Playfair  ( Report  of  British  Association, 
1845)  made  an  elaborate  investigation  of  a  furnace  at 
Alfreton  which  yielded  cyanides.  The  production  of  the 
substance  was  so  abundant  that  it  was  estimated  to 
amount  to  224^7  lbs.  in  twenty-four  hours.  A  hole  was 
made  in  the  front  wall  of  the  furnace,  two  feet  nine  inches 
above  the  tuyere  or  blast  pipe,  and  the  gases  from  that 
point  were  drawn  off  through  a  pipe  for  examination. 
Fumes  of  potassium  cyanide  escaped  with  the  gases  and 
condensed  in  the  tube.  Cyanides  were  obtained  only 
from  the  lower  part  of  the  furnace  ;  above  the  boshes  none 

*  Probably  produced  more  copiously  in  consequence  of  the  adtion 
of  the  hot  blast,  as  the  circumstance  had  been  only  once  reported 
before  and  has  since  been  a  common  phenomenon  of  hot  blast  fur¬ 
naces.  Neilson  had  used  the  hot  blast  in  iron  furnaces  as  early  as 
1828,  however.  See  “  Bauerman's  Metallurgy  of  Iron,”  p.  175. — B. 

t  Pogg.  Ann.,  xl.  315  ;  Dingl.  pol.  J.,  lxv.,  466. 

t  I  have,  in  my  own  experience,  seen  two  cases  of  cyanide  pro¬ 
duced  in  blast  furnaces.  One  from  an  anthracite  furnace  as  an  exuda¬ 
tion  from  the  wall  below  the  boshes,  the  other  from  a  furnace  (at 
Irondale,  West  Va.),  using  coke,  both,  of  course,  hot  blast  furnaces. 
In  the  latter  case  no  cyanides  appeared  upon  the  wall  of  the  furnace, 
but  a  heavy,  stony,  grayish  deposit  formed  in  the  downcast  pipe 
through  which  the  gases  passed  to  the  stove.  It  accumulated  rapidly, 
forming  a  deposit  like  limestone  in  appearance,  which  threatened  to 
clog  the  pipe  and  had  to  be  broken  away  from  time  to  time.  Both 
samples  were  examined  qualitatively,  and  found  tobe  rich  in  cyanides. 
The  gray  colour  of  the  second  sample  was  probably  due  to  coke  dust. 
The  mass  was  probably  formed  from  spray  or  vapour  of  fused  po¬ 
tassium  cyanide,  which,  passing  out  of  the  furnace,  condensed  and 
solidified  upon  the  wall  of  the  pipe  where  it  first  became  chilled, 
binding  together,  as  it  hardened,  the  furnace  dust  which  accom¬ 
panied  it. — B. 
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were  found.  Thesechemists  believe  that  cyanides  were  pro¬ 
duced  only  at  a  temperature  corresponding  to  that  at  which 
potassium  oxide  gives  up  its  oxygen  to  carbon.  In  the 
higher  parts  of  the  furnace  cyanogen  adts  as  a  reducing 
agent  and  is  destroyed  by  oxygen  from  the  ores.  When 
cyanides  fall  as  low  as  the  tuyere,  on  the  other  hand, 
they  are  burned,  according  to  these  authorities,  by  the 
blast  of  air.  The  conditions  necessary  for  their  produc¬ 
tion,  therefore,  are  a  reducing  (deoxidising)  atmosphere 
or  presence  of  hot  carbon,  and  a  temperature  of  the  degree 
above  mentioned. 

Gases  drawn  from  the  furnace,  as  described  above,  had 
the  following  composition Nitrogen,  58-05  per  cent; 
carbonic  oxide,  37-43  per  cent ;  hydrogen,  3-18  per  cent  ; 
cyanogen,  134  per  cent.  These  figures  correspond  to 
nitrogen  79-2  per  cent,  oxygen  22-8  per  cent  (instead  of 
20-o8  per  cent ;  oxygen  corresponding  to  water  found  in 
the  gases  is  deducted).  There  is  evidently  here  a  de¬ 
ficiency  of  nitrogen  as  compared  with  ordinary  air.  At 
two  feet  above  the  tuyere  no  oxygen  nor  carbonic  acid 
was  found  in  the  gases. 

R.  F.  Smith  (fsb.  chein.  Tech.,  1879,  44)  in  1865  found 
a  compound  oozing  from  the  crevices  of  an  old  blast  fur¬ 
nace  at  Kilmarnock,  which  on  analysis  yielded  21-45  per 
cent  potassium  cyanate,  47-73  potassium  cyanide,  1013 
per  cent  potassium  carbonate. 

A.  v.  Kirpely  (Chem.  News,  1865  ;  fsb.  chem.  Tech.,x\., 
54)  describes  the  escape  of  a  quantity  of  fused  salts, 
chlorides,  and  cyanides,  from  the  slag  hole  of  the  blast 
furnace  of  Also  Sajo  in  Hungary,  just  before  the  escape 
of  the  slag. 

(To  be  continued). 


NOTICES  OF  BOOKS. 

The  Maybrick  Trial:  A  Toxicological  Study.  By  C. 

Meymott  Tidy,  M.B.,  F.C.S.,  and  Rawdon  Macna- 

mara,  F.R.C.S.I.  London  :  Bailliere,  Tindall,  &  Cox. 

Intense  as  was  the  sensation  stirred  up  by  the  Maybrick 
trial,  when  the  opponents  of  capital  punishment,  out  of 
pure  humanitarianism,  threatened  the  Home  Secretary 
with  violence,  the  case  presented  little  to  excite  the 
interest  of  chemists.  It  was  not  asked  whether  the  right 
tests  had  been  applied  for  the  detedtion  of  the  poison, 
whether  there  had  been  any  negledt,  oversight,  or  want  of 
skill  on  the  part  of  the  experts  employed  for  the  prosecu¬ 
tion.  It  is  painful,  we  must  add  parenthetically,  that 
experts  are  still  retained  for  the  prosecution  or  for  the 
defence,  instead  of  being  employed  by  the  court  to  explain 
the  scientific  phase  of  the  question  just  as  does  the  judge 
expound  its  legal  aspects. 

But  this  we  let  pass.  No  one  denied  that  arsenic  was 
discovered  in  the  viscera,  the  flesh,  &c.,  of  James  Maybrick. 
But  the  defence  contended,  and  contends  yet,  that  the 
quantity  of  arsenic  found  in  the  body,  ^  grain,  or  accord¬ 
ing  to  Prof.  Stevenson  ^0,  was  insufficient  to  cause  death, 
or,  at  least,  was  very  much  smaller  than  the  minimum 
quantity  of  arsenic  which  is  recorded  to  have  proved  fatal. 
Further,  it  was  shown  that  the  deceased  had  been  in  the 
habit  of  dosing  himself,  and  had,  amongst  other  medicines, 
made  use  of  arsenic. 

Our  authors  further  contrast  the  symptoms  from  which 
Mr.  Maybrick  adtually  suffered  with  those  which  ought  to 
have  appeared  had  he  been  under  the  influence  of  a  fatal 
dose  of  arsenic.  Supposing  these  two  lists  of  symptoms 
to  have  been  fairly  enumerated  and  accurately  described 
— a  point  on  which  our  opinion  is  worthless — Dr.  Tidy 
seems  quite  justified  in  saying  that  “everything,  in  short, 
it  would  seem,  was  present  that  ought  to  be  absent,  and 
was  absent  that  ought  to  have  been  present,  were  it  a  case 
of  arsenical  poisoning,”  and  again,  “  the  symptoms  are 
not  even  consistent  with  arsenical  poisoning.” 

It  will  be  observed  that  the  authors  lay  more  weight  on 
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the  evidence  given  by  the  witnesses  for  the  prosecution  at 
the  coroner’s  inquest  and  the  magistrate’s  inquiry  than 
that  adtually  produced  at  the  trial.  These  remarks  refer 
especially  to  the  post  mortem  appearances.  Dr.  Hum¬ 
phreys  before  the  coroner  testified  that  there  were  patches 
of  redness  in  the  bowels,  but  made  no  mention  of 
“  petechias.”  Two  months  later,  at  the  trial,  the  same 
witness  supplemented  his  statement  by  speaking  of  “  a 
dotted  condition  of  the  stomach,  the  dots  appearing  like 
flea-bites.”  Drs.  Tidy  and  Macnamara  here  disclaim  the 
inference  which  doubtless  would  be  drawn  in  a  certain 
quarter,  viz.,  that  “  Dr.  Humphreys  had  been  looking  up 
the  subject  of  arsenical  poisoning  and  possibly  came 
across  a  drawing  representing  the  usual  condition  of  the 
stomach  in  such  cases.”  Here  we  are  forcibly  reminded 
of  one  of  the  defedts  of  our  system  of  obtaining  the  evi¬ 
dence  of  experts  by  examination  and  cross-examination. 
Such  a  witness  may,  we  submit,  easily  forget  some  im¬ 
portant  fadt,  and  if  he  afterwards  wishes  to  corredt  his 
omission  he  is  accused  of  inventing  something  to  save  his 
own  credit  and  bolster  up  his  case.  Hence  it  would  be 
much  better  if,  instead  of  the  catechetical  method,  scien¬ 
tific  witnesses  were  required  to  give  in  a  systematic  written 
report,  from  which  they  could  not  depart. 

Dr.  Tidy  is  fully  justified  in  insisting  that  the  distribu¬ 
tion  of  arsenic  in  the  liver  or  in  the  intestines  generally 
is  anything  but  uniform.  He  quotes  approvingly  the  late 
Dr.  Letheby’s  advice  :  “  Never  examine  a  portion  of  the 
liver  for  a  poison  until  you  have  mashed  up  the  whole  of 
it  first.”  Had  Prof.  Stevenson  adted  on  this  principle  the 
sum  total  obtained  might  have  been  found  less,  or  possibly 
much  more  than  what  he  calculates. 

If  we  remember  rightly,  in  some  cases  where  the  inges¬ 
tion  of  arsenic  had  been  prolonged  or  was  of  old  standing 
some  of  the  poison  was  found  to  have  accumulated  in  the 
brain — a  part  which,  in  this  case,  does  not  seem  to  have 
been  submitted  to  analysis. 

We  may  further  ask  whether  it  is  prudent  in  toxico¬ 
logical  inquiries  to  turn  attention  to  the  detedtion  of  one 
poison  only,  when  possibly  more  than  one  may  be 
present. 

The  “  study  ”  before  us  is  drawn  up  with  great  ability, 
and  confirms  our  impression  that,  whether  as  an  expert 
witness  or  in  his  new  capacity  as  a  barrister,  Dr.  Tidy 
will  prove  a  formidable  antagonist. 


CORRESPONDENCE. 


GLASER’S  ALCOHOL  METHOD  FOR 
IRON  OXIDE  AND  ALUMINA  DETERMINA¬ 
TION. 


To  the  Editor  of  the  Chemical  News. 

Sir, — A  number  of  trials  of  the  above  method — which  I 
have  condudled  in  accordance  with  the  diredtions  given 
in  Zeitschrift  fur  Angewandte  Chetnie — have  convinced 
me  of  its  superiority  as  compared  with  the  old  processes 
involving  the  use  of  acetic  acid.  But  it  seems  to  be 
charadterised  by  an  imperfedtion  that  I  should  like  to  see 
removed  if  possible  : — the  liability,  namely,  of  traces  of 
the  Fe  and  A1  oxides  to  escape  being  colledted  on  the 
filter.  Whether  from  incomplete  precipitation  or  from 
dissolving  by  the  washing,  a  slight  additional  precipitate 
frequently  shows  itself  in  the  filtrate  and  washings  when 
boiled,  and  this  necessitates  re-filtering.  I  can  never 
feel  sure  of  having  the  whole  of  the  iron  oxide  and  alu¬ 
mina  on  the  filter  till  after  boiling  the  filtrate;  and  I 
sometimes  find  that  traces  of  precipitate  will  appear  even 
in  the  second  filtrate  when  made  alkaline  and  boiled. 

I  should  be  glad  to  know  whether  any  of  your  readers 
have  had  similar  experience,  and  whether  they  have  been 
able  to  adopt  any  modification  of  the  process  that  ob¬ 
viates  the  difficulty. — I  am,  See. , 

A.I.C, 
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CHEMICAL  NOTICES  FROM  FOREIGN 
SOURCES. 


Note. — All  degrees  of  temperature  are  Centigrade  unless  otherwis 
expressed. 

Comptes  Rendus  Hebdomadaires  des  Seances,  de'Acadenne 
des  Sciences.  Vol.  cxi.,  No.  3,  July  21,  1890. 

New  Researches  on  the  Relative  Stability  of 
Salts,  whether  Alone  or  in  Fresence  of  Water. 
Salts  of  Aniline. — M.  Berthelot. — This  is  in  reality  a 
thermo-chemical  paper.  The  author  takes  the  formation- 
heat  of  salts,  referred  to  the  solid  state,  as  the  measure 
of  their  relative  stability.  He  compares  the  formation- 
heat  of  the  properties  of  the  aniline  salts  possessing  a 
certain  stability,  such  as  the  sulphate,  nitrate,  or  chloride, 
with  the  instable  salts,  like  the  acetate  and  the  ben¬ 
zoate. 

Formation-Heat  of  Certain  Amides. — MM.  Ber¬ 
thelot  and  Fogh. — The  formation  of  the  anilides  from 
the  solid  and  the  gaseous  base  liberates  more  heat  than 
that  of  the  corresponding  amides,  a  circumstance 
correlated  with  a  greater  stability  as  against  the  decom¬ 
posing  adtion  of  water.  This  stability  results  also  from 
another  cause  adling  in  the  same  direction,  the  slight 
formation-heat  of  the  aniline  salts. 

The  Sensitiveness  of  Plants,  viewed  as  Simple 
Reagents. — Georges  Ville. — From  the  results  given  it 
appears  that  by  means  of  beer-yeast  it  is  possible  to 
recognise  the  presence  of  0^0005  grm.  of  phosphate  in 
1  litre  of  water,  which  corresponds  to  5-io,ooo,oooths  of 
the  weight  of  the  liquid.  But  agricultural  plants  are 
also  reagents  of  an  extreme  delicacy  and  accuracy.  The 
author  gives  as  an  example  the  sugar-cane,  the  dominant 
food  of  which  is  calcium  phosphate.  With  the  complete 
manure  the  cane  gives  a  harvest  of  57,000  kilos,  per 
hedlare.  If  we  omit  the  phosphate  the  yield  is  only 
15,000  kilos.  Hence  600  kilos,  superphosphate,  con¬ 
taining  90  kilos,  phosphoric  acid,  determine  an  excess  of 
crop  of  42,000  kilos,  per  hedlare,  which  represents  70 
times  the  weight  of  the  phosphate  and  466  times  the  weight 
of  the  phosphoric  acid.  If  referred  to  the  4,000,000  kilos,  of 
vegetable  soil  covering  the  surface  of  a  hectare,  the 
phosphate  represents  less  than  i-6oooth  part  of  the 
weight  of  the  soil  and  the  phosphoric  acid  less  than 
1-40, oooth.  The  author  hopes  to  fix  the  limits  of  this 
method. 

Researches  on  the  Double  Titanium,  Tin,  and 
Copper  Phosphates. — L.  Ouvrard. — Titanic  acid  dis¬ 
solved  in  melted  potassium  phosphate  yields  two  sorts 
of  produdts  If  relatively  little  titanic  acid  is  employed, 
and  if  the  mixture  is  slowly  cooled,  we  obtain  P05,Ti02 
in  cubo-odtahedra,  without  adtion  on  polarised  light.  If 
the  proportion  of  titanic  acid  is  increased  the  result  is  a 
potassium  phosphotitanate,  3P05,4Ti02,K0,  in  small, 
nearly  cubic  crystals,  strongly  double-refradtive.  Stannic 
oxide  furnishes  produdts  parallel  to  those  of  titanic  acid. 
Copper  oxide  also,  like  the  dioxides,  yields  double  salts 
of  the  general  formula  3PC>5,4M02,Na0,  and 
4P05,3M02,6Na0. 

Researches  on  Dispersion  in  Organic  Compounds 
(Ether  Oxides). —  Ph.  Barbier  and  L.  Roux. — In 
examining  oxides  of  formenic  radicles  the  authors  find 
that  the  dispersive  powers  B  and  the  specific  dispersive 

power  —  increase  with  the  molecular  weight.  Their 

values  are  almost  the  same  for  the  different  isomers  of 
the  same  condensation  in  carbon.  On  passing  from  a 
compound  to  its  superior  homologue,  the  introdudlion  of 
CH2  into  the  mol.  occasions  an  increase  of  molecular 
specific  dispersive  power  =  8'2.  The  oxides  belonging  to 
the  allyl  radicle  present  an  interesting  peculiarity  :  in 


place  of  varying  with  the  molecular  weight,  B  and  — 

d 


have  values  approximately  constant.  The  dispersive 
power  augments  as  the  proportion  of  hydrogen  decreases. 
In  the  oxides  containing  the  benzyl  radicle  the  dispersive 
power  diminishes  as  the  molecular  weight  augments. 


Certain  Hydrates  of  Simple  Ethers. — M.  Villard. — 
The  author  undertakes  to  examine  if  ethers  other  than 
methyl  chloride  and  bromide  cannot  furnish  crystalline 
compounds  with  water.  He  has  experimented  upon 
methyl  iodide,  ethyl  chloride,  bromide  and  iodide,  and 
methyl  and  ethyl  fluorides.  Of  these  bodies  all  except 
ethyl  bromide  and  iodide  have  given  the  expected 
result. 


On  Oxygluconic  Acid. — L.  Boutroux. — Oxygluconic 
acid  is  not  identical  with  glucuronic  acid,  notwithstanding 
the  identity  of  their  percentage  composition  : — (1)  Glu¬ 
curonic  acid,  on  the  evaporation  of  watery  solution,  fur¬ 
nishes  an  anhydiide  in  large  brilliant  crystals  fusible  at 
167°.  Oxygluconic  acid,  if  evaporated  in  the  water-bath 
in  like  manner,  yields  merely  a  brown  syrup  which 
gradually  blackens.  (2)  Glucuronic  acid  is  dextro¬ 
rotatory  ;  oxygluconic  acid  is  lasvo-rotatory.  (3)  Glu¬ 
curonic  acid  is  insoluble  in  alcohol,  whilst  oxygluconic 
acid  is  very  soluble.  (4)  The  potassium  and  sodium 
glucuronates,  according  to  Herr  Thierfelder,  can  be 
easily  crystallised,  whilst  those  of  cadmium  and  calcium 
cannot.  With  oxygluconic  acids  the  author  has  obtained 
the  exadtly  opposite  result.  Yet  oxygluconic  acid  ap¬ 
proaches  closely  to  glucuronic  acid  by  its  double 
function  of  a  monobasic  acid  and  an  aldehyd. 

Detection  of  Impurities  contained  in  Alcohol. — 
Ed.  Mohler.  —  The  sulphuric  acid  readticn  cannot  serve 
to  determine  the  impurities  in  alcohol,  and  it  can  merely 
serve  to  detedt  the  presence  of  produdts  which  are  colourable 
by  sulphuric  acid.  Rosaniline  disulphite  gives  an  approxi¬ 
mate  idea  of  the  quantity  of  aldehyd  contained  in  a  com¬ 
mercial  alcohol  if  we  compare  it  with  a  standard  solu¬ 
tion.  Aniline  acetate  in  an  acid  solution  is  the  special 
reagent  for  furfurol.  Upon  other  solutions  of  aldehyds, 
alcohols,  and  ethers  its  adtion  is  negative.  It  may  serve 
for  the  colorimetric  determination  of  furfurol.  Potassium 
permanganate  is  reduced  by  pure  ethyl-alcohol  as  well  as 
by  the  impurities  in  question,  the  only  difference  being 
in  the  time  required. 

A  New  Process  for  Determining  the  Mineral 
Matter  in  Sugars  by  Means  of  Benzoic  Acid. — E. 

Boyer. —  (See  p.  64). 

The  Mineral  Springs  of  Cranson. — Ad.  Carnot. — 
The  nature  of  this  paper  is  sufficiently  shown  by  its  title. 

Combinations  of  Haemoglobine  with  Oxygen. — 
Christian  Bohr. — In  company  with  the  well-known  com¬ 
pound  oxyhaemoglobine  there  exist  at  least  three  others,  all 
of  which  are  dissociable,  and  have  the  same  spedtrum,  but 
do  not  contain  the  same  proportion  of  oxygen.  There 
exist  four  oxyhaemoglobines  containing  respedtively  per 
grm.  about  o-4  c.c.,  o'8  c.c.,  17  c.c.,  and  27  c.c.  of 
dissociable  oxygen.  Haemoglobine  may  combine  at  once 
with  oxygen  and  carbon  dioxide. 
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EXAMINATION  OF  OILS,  FATS,  AND 
ALLIED  SUBSTANCES. 

By  THOMAS  T.  P.  BRUCE  WARREN. 

From  the  singular  result  obtained  with  sulphur  chloride 
on  poppy  oil  and  mixtures  containing  this  oil,  I  was  in¬ 
clined  to  believe  that  this  oil  was  peculiar  in  yielding  a 
black  or  very  dark  pasty  magma  ;  I  therefore  prepared  a 
little  from  the  seeds  of  the  Horn  poppy  ( Glaucium  Havum), 
and  from  the  seeds  of  the  Papaver  somniferum ,  by  expres¬ 
sion  and  by  percolation  with  solvents. 

As  poppy  oil  is  said  to  be  largely  used  for  adulterating 
olive  oil,  I  thought  it  would  be  interesting  to  find  out 
whether  the  source  of  adulteration  was  from  an  unknown 
plant,  or  whether  the  behaviour  was  due  to  changes 
brought  about  by  time.  Poppy  oils  recently  made  yielded 
light  coloured  products  ;  those  which  had  been  a  little 
time  in  hand  yielded  darker  products;  whereas  those 
which  had  been  obtained  a  long  time  ago  gave  black 
pasty  magma.  Similar  products  were  obtained  from  mix¬ 
tures  containing  these  oils  ;  hence  the  oxidation  process 
was  suggested  for  bringing  about  in  a  few  hours  what 
some  months’  ordinary  exposure  would  require. 

I  give  here  the  results  obtained  on  poppy  oils,  5  grrns. 
being  used  in  each  case  : — 


Sulphur  chloride. 

Iodine  abs. 

No.  of 

r 

— — i 

per  cent. 

Remarks. 

sample. 

Magma. 

Soluble. 

Original  oil. 

I. 

6-46 

I'953 

131-1 

Four  yrs.  old. 

27. 

6-36 

1-538 

135-0 

74- 

6-o8 

2-382 

92-4 

Very  old. 

29. 

650 

0-692 

J35-2 

Gl.pl.  express. 

50. 

6'55 

0-629 

I39-I 

86. 

6-46 

0-768 

140-7 

Gl.pl.  by  CS2. 

The  iodine  absorption  shows  the  variation  arising  from 
oxidation.  1'he  weight  of  magma  by  sulphur  chloride 
shows  that  the  yield  of  soluble  matter  is  increased  as  the 
total  weight  is  reduced.  Sample  74  gave  a  black  pasty 
magma.  Oils  extracted  by  solvents  yield  less  than  those 
obtained  by  expression.  Oils  thickened  by  oxidation 
(blown  oils)  give  less  total  magma  than  the  same  oils  not 
blown. 

The  following  results  were  obtained  with  rape  oil  and 
cotton  oil  : — 


Sulphur  chloride. 

Iodine  abs. 

No  of 

, - 

— -  ■■  — ^ 

per  cent.  Remarks. 

ample. 

Magma. 

Soluble. 

Original  oil. 

7- 

603 

o-6c6 

58-4  Thickened  rape. 

40. 

641 

0-178 

112  9  German  rape. 

38. 

— 

— 

iox-8  English  rape. 

42. 

6-13 

0’35t 

104-9  Colza. 

41. 

619 

0-318 

98-9 

47- 

5-87 

0833 

71-6  Thickened  cotton. 

57- 

618 

1-514 

1275  Refined  ,, 

22. 

6-22 

1-397 

1187 

21. 

6-28 

1-300 

112-4  Crude  ,, 

The  conclusion  is  that  the  thickened  oils  yield  less 
magma  than  the  same  oils  not  thickened  or  oxidised. 
1  he  product  from  the  former  is  darker  in  propoition  to  the 
extent  of  oxidation,  and  from  the  consequent  loss  of 
glycerin  the  soluble  extract  is  greater.  In  addition  to 
these  remarks,  cotton  oil  not  thickened  gives  a  very  large 
proportion  of  soluble  matter,  and  this  is  probably  not  due 
entirely  to  changes  introduced  by  refining,  for  the  crude 
oil  product  also  yields  a  large  proportion  of  soluble  matter 
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to  CS2.  Experiments  with  sulphur  chloride  on  sample  47, 
as  regards  the  soluble  matter,  show  that  oxidation  has 
rendered  some  of  the  oil  insoluble. 

As  a  general  rule,  the  drying  oils  give  the  greatest 
yield  of  total  magma,  and  which  is  for  the  same  oil 
nearly  proportional  to  the  iodine  absorption.  Oils  ex¬ 
tracted  ly  solvents  give  a  smaller  yield  of  magma  and 
have  a  lower  iodine  absorption  than  the  same  oils  drawn 
by  pressure.  The  results  obtained  on  linseed  oil  and 
walnut  oil  (30)  from  the  decorticated  nuts  were  as  fol¬ 
lows  : — 


No.  < 

Sulphur  chloride. 

>f  , - ’ - , 

Iodine  abs. 
per  cent. 

Remarks. 

sampl 

e.  Magma. 

Soluble. 

Original  oil.' 

3- 

6-36 

0-844 

162-4 

By  CS2. 

46. 

6'34 

0-936 

162-6 

ff 

44. 

6-45 

0-724 

170-1 

Pressure,  hot; 

45- 

6-57 

0-603 

I76‘3 

,,  cold. 

81. 

— 

— 

172-7 

f »  J» 

30. 

6-55 

0736 

150-6 

Walnut,  by  CS2. 

Oils  drawn  by  hot  pressure  have  a  low  iodine  absorp- 

tion ; 

this  is  due  to  the  liability  of  such  oils  to  oxidise  in 

manufacture. 

Boiled  linseed  oil  gives  a  dark  pasty  magma,  similar  to 
old  poppy  oil;  this  might  have  been  expected,  if  we  bear 
in  mind  that  the  objeCt  in  boiling  is  to  obtain  an  oxidised 
oil  which  assists  in  drying. 


CHEMICAL  COMPOSITION  OF  THE  OILS  OF 
WINTERGREEN  AND  BIRCH,  AND  THE 
CHARACTERS  OF  THE  SYNTHETIC  OIL 
OF  WINTERGREEN. 

By  Prof.  Dr.  FREDERICK  B.  POWER, 

University  of  Wisconsin. 

(Continued  from  p.  63). 

Chemical  Examination  of  the  Oils. 

I.  Natural  Oil  op  Wintergreen. —  400  grms.  of  this  oil 
were  decomposed  by  heating  on  a  water-bath  for  about 
two  hours,  in  a  flask  provided  with  a  reflux  condenser, 
with  a  solution  of  200  grms.  of  caustic  potassa.  The 
liquid  was  then  further  diluted  with  water,  and  distilled 
until  oil  drops  ceased  to  come  over.  This  distillate  was 
then  again  separately  distilled,  in  order  to  bring  the 
drops  of  oil,  or  the  terpene,  within  a  smaller  compass, 
and  thus  more  easily  efteCt  its  separation  from  the  water. 
The  liquid  or  terpene  so  obtained  had  precisely  the  same 
properties  as  that  isolated  by  me  on  a  former  occasion, 
and  was  also  in  this  instance  only  contained  in  the 
original  oil  to  the  extent  of  a  small  fraction  of  one  per 
cent.  It  is  a  somewhat  viscid,  yellowish  liquid,  possess¬ 
ing  to  a  marked  degree  the  pepper-like  odour  described 
by  Cahours,  and  has  a  specific  gravity  of  about  0-940,  as 
recorded  in  my  former  paper. 1,1 

The  hydrocarbon  separated  by  Messrs.  Trimble  and 
Schroeter  from  the  oil  of  wintergreen,  as  also  from  the 
oil  of  birch,  by  extracting  the  saponified  oil  with  ether 
or  petroleum  ether,  they  state  to  have  the  following  re¬ 
markable  properties.  “The  products  both  solidified  on 
standing  for  a  day  or  two,  or  at  once  on  cooling.  That 
from  wintergreen  commenced  to  melt  at  io°  C.,  and  was 
clear  at  150  C.,  but  the  hydrocarbon  from  birch  did  not 
commence  to  melt  below  18'  C.  and  was  clear  at  a  few 
degrees  above  that  temperature,”  &c. 

In  connection  with  this  statement  I  may  say  that  the 
terpene  obtained  by  me  from  oil  of  wintergreen,  in  the 
manner  above  described,  does  not  separate  any  solid 
matter  when  kept  for  three  hours  in  a  freezing  mixture  at 
a  temperature  of  10°  CL,  but  remains  perfectly  transparent. 
It  is  difficult  to  believe  that  a  pure  terpene,  as  separated 
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*  Pharm .  Rundschau,  1S8S,  p.  209 
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from  a  volatile  oil,  would  solidify  at  any  such  tempera¬ 
ture  as  that  above  noted. 

Notwithstanding  the  probability  that  the  substance 
experimented  with  by  Trimble  and  Schroeter  was  a 
mixture,  from  their  vapour  density  determination  of  it 
they  assign  to  it  the  molecular  formula  CI5H24.  In  the 
latter  determination  they  appear  to  have  employed  the 
method  of  ViClor  Meyer,  as  they  state  that  a  certain 
amount  of  the  substance  displaced  a  certain  amount  of 
air.  Why  they  should  have  taken  the  pains  to  record 
these  figures,  without  at  the  same  time  giving  the  other 
physical  constants  which  enter  into  the  calculation  of  the 
molecular  formula,  it  is  difficult  to  conceive;  for  such  an 
isolated  statement  does  not  permit  of  a  ie-calculation  of 
their  results,  and  can  therefore  of  itself  possess  no 
scientific,  value. 

In  order  to  confirm,  if  possible,  the  correctness  of  this 
statement,  I  have  also  attempted  to  obtain  the  vapour 
density  of  the  liquid  separated  by  me  from  the  winter- 
green  oil.  It  was  first  deprived  as  much  as  possible  of 
anywadhenng  moisture  by  allowing  it  to  remain  for  some 
time  in  contact  with  freshly  ignited  potassium  carbonate, 
and  the  method  of  Vidtor  Meyer  was  then  employed,* 
with  the  use  of  a  paraffin-bath.  In  the  first  determina¬ 
tion  the  temperature  of  the  bath  was  somewhat  above 
300°  C.,  and  in  the  second  the  temperature  was  some¬ 
what  above  the  boiling  point  of  mercury,  but  in  both 
instances  the  liquid  under  examination  was  observed  to 
vaporise  very  slowly,  and  at  the  same  time  to  become 
completely  decomposed,  with  the  separation  of  a  tarry 
substance.  Concordant  results  could  therefore  not  be 
obtained,  nor  could  they  under  such  circumstances  be 
regarded  as  possessing  any  scientific  value. 

In  my  former  paper  f  the  results  of  such  a  determina¬ 
tion,  as  lecorded  in  the  Ncues  Handworterbuch  der  Chemie, 
Band  III.,  p.  343,  were  noted,  where  the  boiling  point  of 
this  terpene  is  stated  to  be  160°  C.,  and  its  vapour  den- 
sity  474,  which  agrees  with  the  molecular  formula 
CI0Hi6.  Although  having  had  previously  no  occasion 
to  doubt  the  accuracy  of  this  statement,  it  would  now  not 
seem  possible  that  it  could  be  correct  as  applied  to  the 
substance  separated  by  me  on  different  occasions  from 
true  wintergreen  oil,  for  its  viscid  character  would  in¬ 
dicate  a  much  higher  boiling  point,  and  it  certainly  can¬ 
not  be  vaporised  without  considerable  decomposition. 
That  it  may  belong  to  the  class  of  polyterpenes  is  pos¬ 
sible,  and  the  application  of  Raoult’s  method*  for  the 
determination  of  its  molecular  weight  might  be  attended 
with  success,  but  the  very  small  amount  of  substance 
available  has  prevented  my  further  examination  of  it  in 
this  direction. 

The  original,  strongly  alkaline  liquid  remaining  in  the 
flask  after  the  distillation  of  the  terpene  was  subsequently 
shaken  with  ether,  but  the  latter,  on  evaporation,  afforded 
simply  a  small  amount  of  a  dark  coloured  resinous  sub¬ 
stance.  From  the  alkaline  liquid  the  salicylic  acid  was 
then  separated  by  means  of  pure  hydrochloric  acid,  and, 
after  being  collected  on  a  strainer,  and  washed,  was  re¬ 
crystallised  from  boiling  water.  The  further  examination 
of  this  acid  will  be  subsequently  referred  to. 

II.  Natural  Oil  of  Birch. — This  oil,  as  previously 
stated,  was  obtained  from  Mr.  C.  M.  Diiggs,  of  White 
H  aven,  Pa.,  who  had  supplied  Mtssrs.  Trimble  and 
Schroeter  with  the  oil  examined  by  them,  and  who  had 
assured  me  of  its  perfect  purity.  Its  low  specific  gravity, 
i-i6o6  at  150  C.,  led  me,  however,  in  the  beginning  to  be¬ 
lieve  that  it  possessed  a  somewhat  abnormal  chemical 
composition,  although  it  was  considered  that  this  might 
indeed  be  due  to  the  faCt  that  it  contained  a  considerable 
amount  of  a  terpene,  especially  since  Trimble  and 
Schroeter  have  stated  this  oil  to  contain  more  of  the 
latter  than  the  oil  of  wintergreen.  It  will  be  remembered, 


*  Berickte  der  Deutsch.  Chem.  Ges.,  1878,  II.,  p.  2253. 
t  Pharm.  Rundschau,  r888,  p.  209. 

%  Comptes Rendus,  Tome  94,  p.  15 17  ;  95,  p,  188  ;  9O,  p.  1653 ;  as  also 
Pharm .  Zeitung,  18SS,  p.  617. 


on  the  other  hand,  that  the  original  oil  had  no  adtion  on 
polarised  light. 

Three  hundred  grms.  of  the  oil  in  question  were  treated 
in  a  manner  similar  to  that  described  in  connedtion  with 
the  oil  of  wintergreen.  After  the  process  of  saponifica¬ 
tion  had  been  completed,  a  considerable  amount  of  a 
light  liquid  was  observed  on  the  surface  of  the  alkaline 
mixture,  which  was  separated  as  completely  as  possible 
by  means  of  a  pipette,  and  placed  in  contadt  with  freshly 
ignited  potassium  carbonate.  The  strongly  alkaline 
liquid  in  the  flask  was  then  further  diluted  with  water,  and 
distilled,  in  order  to  recover  the  remaining  portion  of  the 
hydrocarbon.  On  finally  shaking  the  alkaline  mixture 
contained  in  the  distilling  vessel  with  ether,  and  allowing 
the  latter  to  evaporate,  only  a  small  amount  of  dark 
coloured,  resinous  matter  was  obtained,  as  in  the  case  of 
the  pure  oil  of  wintergreen. 

The  liquid  separated  in  the  above  manner  from  the  oil 
of  birch  amounted  to  13  5  grms.,  or  4-5  per  cent  of  the 
original  oil.  The  amount  actually  present,  with  con¬ 
sideration  of  a  little  unavoidable  loss,  was  therefore 
probably  about  5  per  cent.  Its  specific  gravity  was  o'8o66 
at  15^  C.,  and  upon  distillation  it  was  found  to  possess  no 
constant  boiling  point.  It  commenced  to  boil  somewhat 
above  ioo°C.,  and  about  one-fourth  of  the  liquid  distilled 
over  below  220°C.,  about  one-half  between  the  tempera¬ 
tures  of  220°  and  270=0.,  and  the  remainder,  which  was 
allowed  to  remain  in  the  distilling  flask,  was  dark 
coloured  and  somewh  it  viscid.  The  portion  of  liquid 
d isti .  1 1  ng  below  27o°C.  was  peifeCtly  colourless,  and,  as 
would  naturally  have  been  inferred  by  the  behaviour  of 
the  original  oil,  was  without  any  action  on  polarised  light. 
It  was  then  subjected  to  analysis,  with  the  following 
result :  — 

J.  0-1115  grm.  of  substance  gave  o'i365  grm. 
H20  =  o’oi52  grm.  H,  or  13-63  per  cent  H  ;  and  0-3290 
grm.  C02=  o-o8g7  grm.  C.,  or  8o-45  per  cent  C. 

After  once  rectifying  over  sodium,  it  was  again 
analysed. 

II.  0-1815  grm.  of  substance  gave  0-2205  grm. 
H20  =  o*0205  grm.  H,  or  13-49  per  cent  H  ;  and  0-5420 
grm.  C02  =  o-I477  grm.  C.,  or  81-37  per  cent  C. 

I.  II. 

C .  80-45  per  cent.  8i‘37  per  cent. 

H  ..  ..  1363  „  13-49  .. 


94-08 


94-86 


It  was  evident  from  these  results  that  the  liquid  in 
question  was  a  mixture  of  hydrocarbons,  containing  some 
oxygenated  bodies,  which  I  did  not  attempt  to  com¬ 
pletely  remove,  as  its  character  had  already  become 
sufficiently  revealed. 

That  it  was  a  mixture,  and  not  a  simple  body,  was 
clearly  shown  by  the  inconstancy  of  its  boiling  point,  and 
the  latter,  as  well  as  its  optical  inactivity  and  low  specific 
gravity,  also  proved  quite  conclusively  that  it  was  not  a 
terpene.  It  was  furthermore  found  not  to  be  aCted  upon 
by  powdered  iodine,  nor  by  strong  nitric  acid  or  sulphuric 
acid,  and  possessed,  especially  when  allowed  to  evaporate 
on  the  hand,  the  unmistakable  odour  of  petroleum.  All 
the  characters  of  the  substance,  both  chemical  and 
physical,  have  indeed  conclusively  established  the  faCt 
that  it  is  simply  kerosene  oil.  That  the  gentleman  who 
supplied  me  with  this  sample  of  the  oil  of  birch  believed 
it  to  be  perfectly  pure,  I  have  not  the  slightest  doubt,  as 
it  was  not  distilled  by  himself,  but  an  enquiry  as  to  how 
such  a  contamination  could  occur  has  elicited  neither  any 
explanation  nor  a  reply.  In  any  event  it  is  not  probable 
that  the  opinion  would  be  advanced  that  petroleum  is  a 
natural  constituent  of  the  oil  of  birch,  even  though  birch 
trees  may  grow  in  close  proximity  to  the  oil  wells  of 
Pennsylvania. 

The  chemists  of  Messrs.  Schimmel  and  Co.,  Leipzig, 
have  found  this  adulterant  in  both  cassia  oil  and  citron- 
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ella  oil,*  but  I  believe  the  use  of  petroleum  for  the  adul¬ 
teration  of  oil  of  birch  has  not  hitherto  been  observed. 
In  consideration,  however,  of  this  fadt,  it  would  seem  not 
unreasonable  to  suppose  that  the  solid  substance  separated 
from  the  liquid  obtained  by  Trimble  and  Schroeter  from 
oil  of  birch  might  have  consisted  of  a  paraffin,  rather  than 
a  terpene,  for,  as  I  have  shown,  the  terpene  separated 
from  a  pure  oil  of  wintergreen  does  not  possess  any  such 
properties  as  they  describe.  They  also  mention  the  fadt 
that  by  the  distillation  of  the  saponified  oil  of  birch  they 
obtained  but  0-084  per  cent  of  the  so-called  terpene, 
whereas  by  extradting  the  alkaline  mixture  with  petroleum 
ether  0-447  Per  cent  was  obtained.  If  the  substance  in 
question  were  really  a  terpene,  at  least  such  as  those  at 
present  known  to  occur  in  volatile  oils,  it  should  not  have 
been  impossible  to  have  recovered  it  by  distillation  with 
water. 

The  results  of  this  investigation  may  also  serve  to 
throw  some  light  upon  the  following  remark  of  Dr. 
Squibb,  in  his  paper  on  “  The  Oil  of  Wintergreen  as  a 
Therapeutic  Agent”  ( Ephemeris ,  vol.  iii.,  1887,  p.  953)> 
“Oil  of  birch  is  said  by  Pettigrew  to  be  pure  methyl 
salicylate,  but  this  can  hardly  be  true  of  the  oil  accessible 
in  the  markets,  since  several  authorities  state  that  in 
distilling  the  oil  the  distillation  begins  many  degrees 
below  the  permanent  boiling  point.”  In  the  writer’s 
opinion  there  is  now  no  reason  to  doubt  but  that  the  oil 
of  birch  hitherto  found  in  commerce,  having  the  charadters 
thus  referred  to,  was  not  a  pure  natural  produdt,  but, 
like  the  specimen  examined  by  me,  was  contaminated  to 
a  greater  or  less  extent  with  petroleum. 

The  examination  of  the  oil  of  birch  by  Mr.  Pettigrewf 
was  condudled  under  my  observation  in  the  Chemical 
Laboratory  of  the  Philadelphia  College  of  Pharmacy, 
and,  although  several  years  have  since  passed,  I  can  dis¬ 
tinctly  remember  that  after  the  saponification  of  the  oil, 
and  subsequent  distillation  with  water,  no  trace  of  oil 
drops  could  be  observed  in  the  distillate,  so  that  if  any 
terpene  or  other  hydrocarbon  were  present  it  could  not 
have  amounted  to  more  than  very  insignificant  traces. 

The  small  sample  of  oil  of  birch  now  in  my  possession, 
which  represents  a  portion  of  that  examined  by  Mr. 
Pettigrew,  is  not  sufficient  to  admit  of  confirming  his 
results  by  the  method  of  saponification  and  subsequent 
distillation.  I  have  already  shown,  however,  that  this 
oil  possesses  a  quite  constant  boiling  point  (2ig— 2210  C.), 
and  that  it  is  completely  devoid  of  adtion  on  polarised 
light.  I  have  also  recently  subjected  it  to  ultimate 
analysis,  with  the  following  result 

0-2460  grm.  of  substance  gave  0-1180  grm.  H20 
=  0-0131  grm.  H,  or  5-32  per  cent  H;  and  0-5665  grm. 
COa=o-i545  grm.  C,  or  62-80  per  cent  C. 

Calculated  for  methylsalicylate  : — 


DgHgC^. 

C  . .  . .  63-16  per  cent 

H  . .  ..  5-26  „ 

O  ..  ..  31-58  ,, 


Found. 

62-80  per  cent 

5'32  i» 
31-88  „ 


100-00 


ICO'OO 


A  pure  methyl  salicylate  could  hardly  afford  more 
closely  agreeing  analytical  numbers,  and  I  must  there¬ 
fore  maintain  my  former  opinion,  in  confirmation  of  that 
expressed  by  Mr.  Pettigrew,  that  the  natural  oil  of  birch 
consists  of  pure  methyl  salicylate,  and  is  not  perfectly 
identical,  either  chemically  or  physically,  with  the 
natural  oil  of  wintergreen.  Competent  observers,  such 
as  Dr.  Squibb  and  Professor  Maisch,  are,  moreover, 
capable  of  recognising  a  distinction  in  the  odour  of  the 
two  oils.J 

Messrs.  Trimble  and  Schroeter  have  endeavoured  to 
support  their  argument  that  the  oil  of  birch  does  not 


*  See  Schimmel  and  Co.’s  Bericht,  April,  1889,  pp.  10  and  20  ;  also 
Pharm.  Rundschau,  1889,  pp.  122  and  269-270. 
t  Amer.  Journ.  Pharm.,  1883,  p.  385. 
if  Ibid.,  1883,  p.  586,  and  Ephemeris,  vol.  iii,,  1887,  p.  953, 


consist  of  simple  methyl  salicylate  by  the  statement 
( loc .  cit.,  p.  398)  that  “  it  is  the  exception  when  a  produdt 
as  simple  as  oil  of  birch  is  described  by  Pettigrew  to  be 
is  produced  in  nature,  such  substances  are  more  fre¬ 
quently  found  to  be  made  up  of  a  series  of  compounds.” 

It  is  very  evident  from  this  expression  that  the  authors 
have  either  forgotten  or  are  unaware  of  the  fadt  that  oil 
of  birch  is  regarded  as  belonging  to  the  class  of  so-called 
ferment  oils,*  and  that  it  is  the  rule,  not  the  exception, 
that  such  oils  are  quite  simple  bodies,  or  at  least  are  not 
made  up  of  a  series  of  compounds.  As  a  prominent  ex¬ 
ample  of  this  class  it  is  only  necessary  to  mention  the 
volatile  oil  of  mustard,  consisting  of  the  sulphocyanate  of 
ally  1 ,  C3H5 — NCS,  and  although  this  oil  in  its  pure  and 
natural  condition  may  sometimes  contain  small  amounts 
of  carbon  bisulphide,  the  presence  of  the  latter  has  been 
quite  satisfactorily  proved  to  be  due  to  a  secondary  re¬ 
action  of  the  acid  potassium  sulphate  formed  in  the  fer- 
mentive  process  on  the  mustard  oil  itself. f 

As  another  example  of  an  oil  of  simple  composition  of 
this  class,  which  is  familiar  to  most  chemists,  may  be 
mentioned  the  oil  of  bitter  almonds,  consisting  of  benz- 
aldehyde,  CgH5 — COH,  with  small  amounts  of  hydro¬ 
cyanic  acid.  Even  the  relatively  small  amount  of  the 
latter  present  in  this  oil  can  not  be  set  forth  as  an  argu¬ 
ment  in  favour  of  its  complex  character,  for,  in  the  light 
of  recent  investigations,  the  produdt  of  the  reaction  of 
emulsin  on  amygdalin  in  the  presence  of  water  is  a 
simple  chemical  compound,  which  has  received  the 
appellation  of  benzaldehydcyanbydrin — 
C6H5CH(OH)CN|. 

After  the  separation  of  the  petroleum  from  the  oil  of 
birch,  as  previously  described,  the  alkaline  mixture  was 
treated  with  pure  hydrochloric  acid,  and  the  salicylic  acid 
thus  obtained,  together  with  that  from  the  oil  of  winter¬ 
green,  will  be  subsequently  referred  to. 

(To  be  continued). 


COLORIMETRIC  METHOD  FOR  ESTIMATING 
THE  MORPHINE  STRENGTH  OF 
LAUDANUM  AND  OTHER  PREPARATIONS 
OF  OPIUM. 

By  S.  J.  HINSDALE,  Fayetteville,  N.C. 


Prepare  an  officinal  tindture  of  opium  with  assayed 
opium.  You  will  know  the  morphine  strength  of  this 
tindture. 

Make  three  dilutions  of  it  with  dilute  alcohol,  as 
follows : — 

One  3  parts  tindture  and  1  part  dilute  alcohol. 

One  2  ,,  ,,  ,,  2  ,,  ,,  ,, 

One  1  ,,  ,,  ,»  3  >>  )>  i> 

Put  12  c.c.  of  the  tindture  and  of  the  dilutions  in  vials, 
and  add  to  each  12  c.c.  dilute  alcohol — cork  well  and 
keep  them  as  standard  dilutions  of  known  strength. 
Label  them  Nos.  1,  2,  3,  and  4.  Let  the  dilute  officinal 
tindture  be  No.  1.  Dissolve  0-04  gramme  potassic ferrid- 
cyanide  in  500  c.c.  water  and  add  to  it  fifteen  drops 
Liquor  Fcrri  Chloridi.  Call  this  Ferridcyanide  Mixture. 

( This  must  be  freshly  prepared,  as  it  will  be  partly  decom¬ 
posed  in  a  few  hours).  Prepare  it  in  a  glass  stoppered 
bottle  with  water  entirely  free  of  iron. 

Place  four  50-c.c.  clean  glass  tumblers  or  wine-glasses 
on  a  white  surface  and  deliver  with  a  pipette  (about  one. 
third  filled)  one  drop  of  the  dilutions  in  the  glasses,  com. 
mencing  with  No.  4  (the  weakest),  blowing  out  th  e 

*  See  Procter  in  Amer.  Journ.  Pharm.,  1843,  vol.  xv.,  p.  246. 

t  Pharm.  Zeitung,  18S7,  p.  543,  and  Pharm.  Rundschau,- -1887, 
p. 266. 

t  Pharm.  Zeitung,  1SS7,  p.694;  Pharm.  Journal,  1887,  p.  537; 
and  Pros.  Amer.  Pharm.  Assoc.,  1SS8,  p.  484, 
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pipette  after  each  dropping.  (The  pipette  should  be 
about  four  inches  long,  and  made  of  j-inch  tubing,  and 
should  deliver  drops  of  the  dilutions  weighing  about  0-016 
gramme  or  J  grain.  To  test  the  pipette,  see  how  many  drops 
will  balance  a  o-20o-gramme  weight.  The  reason  for  using 
so  small  a  drop,  and  for  diluting  the  tindture,  is  because 
a  full  drop  of  the  undiluted  tindture  would  develop  too 
deep  a  blue  colour). 

Now  add  to  each  glass  about  5  c.c.  ferridcyanide 
mixture  (it  is  convenient  to  use  a  homoeopathic  vial  as  a 
measure),  and  in  about  one  minute  add  15  or  20  c.c. 
water,  and  observe  the  shades  of  colour.  This  observa¬ 
tion  must  be  made  within  five  minutes,  as  the  air  and 
light  will  soon  cause  all  to  be  uniformly  blue. 

By  comparison  with  the  shades  of  colour  produced  by 
these  standard  dilutions,  you  can  easily  estimate  the 
strength  of  any  sample  of  laudanum  with  much  accuracy. 
The  sample  must,  of  course,  be  diluted  with  an  equal 
part  of  dilute  alcohol.  The  presence  of  tannin  interferes 
with  this  method,  but  opium  does  not  contain  tannin. 
Tannin  is  easily  detedted  with  a  solution  of  a  salt  of 
iron.  The  ferridcyanide  mixture  must  be  freshly  pre¬ 
pared  and  the  glasses  must  be  clean  and  clear,  as  the 
slightest  bluish  tinge  interferes.  Wash  them  with  caustic 
soda  and  then  with  hydrochloric  acid  and  rinse  if  they 
are  soiled  with  Turnbull’s  blue. 

The  ferridcyanide  mixture  is  probably  the  best  con¬ 
firmatory  test  for  morphine.  If  one  drop  of  water  con¬ 
taining  o*oooooi  grammeof  morphine  is  mixed  on  awhite 
slab  with  one  drop  of  the  ferridcyanide  mixture  a  blue 
colour  will  be  developed  within  one  minute.  With 
water  alone  the  mixture  will  become  of  a  bluish  shade  in 
about  ten  minutes,  owing  to  the  adtion  of  air  and  light. 

To  estimate  the  strength  of  vinous  or  aqueous  com¬ 
pounds  of  opium,  they  must  be  brought  to  about  the  same 
specific  gravity  as  the  “  standard  dilutions  ”  with  alcohol, 
that  the  drops  may  be  uniform  in  size. 


THE  DRY  ASSAY  OF  TIN  ORES.* 

Part  I. 

By  HEINRICH  O.  HOFFMANN, 

Assistant  Prolessor  of  Mining  and  Metallurgy. 

(Continued  from  p.  59). 

IV.  The  Assay  in  Detail. 

The  different  methods  of  assaying  black  tin  in  the  dry 
way  may  be  grouped  under  two  heads  : — 

a.  Those  which  aim  at  finding  the  adtual  amount  of  tin 
contained  in  the  ore. 

b.  Those  which  determine  approximately  how  much 
metallic  tin  can  be  recovered  by  treatment  on  a  large 
scale. 

The  first  class  divides,  according  to  the  character  of  the 
resulting  metal,  into  methods  (a)  yielding  a  button  of 
metallic  tin,  and  those  ( b )  yielding  an  alloy  of  tin  with 
copper  or  iron. 

Class  A  (a). 

x.  The  German  Method  of  Assay . — This  method,  as 
given  by  Kerlf  and  by  Balling!,  is  as  follows  : — 

Five  grms.  of  ore  are  intimately  mixed  with  0*75  to  1 
grm.  of  charcoal  dust,  and  charged  into  a  clay  crucible  ; 
on  top  are  placed  12*5  to  15  grms.  of  black  flux  (or  the 
substitute,  two  part  of  potassium  sodium  carbonate  and 
one  part  of  flour),  with  x  to  1*25  grms.  of  borax  glass, 
then  a  salt  cover,  and  finally  a  piece  of  charcoal.  The 
crucible  is  covered,  heated  in  a  muffle  or  a  pot-furnace  at 
a  moderate,  gradually  increasing  temperature  until  the 
boiling  has  ceased,  and  then  for  from  half  to  three- 


*  Read  at  the  Colorado  Meeting  of  the  American  Institute  of 
Mining  Engineers,  June,  1889.  From  the  Technology  Quarterly, 
Vol.iii.,  No.  2. 

t  “  Metallurgische  Probirkunst,”  Leipsic,  1S82,  p.  412. 
j  “  Die  Probirkunde,”  Brunswick,  1879,  p.  391. 


quarters  of  an  hour  at  a  white  heat.  The  crucible  is  re¬ 
moved  from  the  fire,  broken  when  cool,  and  the  tin  button 
weighed. 

The  process  that  takes  place  is  simple.  With  the 
gradually  rising  temperature  the  tin  becomes  reduced  to 
the  metallic  state  by  the  charcoal,  with  which  it  has  been 
intimately  mixed,  while  any  ferric  oxide  contained  in  the 
cassiterite  will  be  reduced  only  to  ferrous  oxide  and  taken 
up  by  the  slag.  At  a  certain  stage  the  black  flux,  or  the 
flour  of  the  substitute,  becomes  decomposed,  the  result 
being  that  finely  divided  carbon  is  uniformly  distributed 
through  the  flux.  This  hinders  any  particles  of  stannic 
oxide  from  combining  with  the  alkali  when  fusion  begins, 
and  assists  the  reduction  of  particles  of  ore  that  have  not 
been  completely  converted  into  metal  by  the  charcoal. 
The  adtive  fluxes — potash,  soda,  borax— combine  with  the 
gangue  contained  in  the  ore  and  form  a  slag  ;  the  neutral 
salt  cover  assists  in  making  the  slag  liquid,  and  thus 
favours  the  colledting  of  tin  particles,  and  prevents  prills 
from  adhering  to  the  sides  of  the  crucible  ;  the  charcoal 
finally,  being  slowly  consumed,  furnishes  the  reducing 
atmosphere  above  the  charge.  When  the  reactions  have 
taken  place  and  the  fusion  has  become  tranquil,  the 
different  parts  settle  according  to  their  specific  gravities  : 
at  the  bottom,  the  tin  button  ;  next,  the  borax  slag ; 
above  this  the  salt  slag ;  any  unconsumed  charcoal  re¬ 
maining  on  top. 

In  carrying  out  the  assays  the  above  method  was 
closely  followed.  The  crucibles  were  size  F,  of  the 
Battersea  make  ;  the  charcoal  was  made  to  pass  a  40- 
mesh  sieve  before  it  was  mixed  with  the  ore  ;  the  black 
flux  substitute — two  parts  of  potassium  carbonate  and 
one  part  of  flour,  to  which  1  grm.  of  borax  glass  had  been 
added — was  used  for  flux, 

The  charge  melted  readily,  and  the  slag  was  very  thin, 
showing  when  cool  a  smooth  surface.  The  crucible  was 
not  corroded  by  the  fluxes,  and  no  particles  of  tin  were 
visible  at  the  sides.  On  breaking  it  the  salt  slag 
separated  readily  from  the  borax  slag,  the  former  being 
coarsely  crystalline  and  brittle.  It  had  a  resinous  lustre, 
was  subtranslucent,  and  of  a  dark  purple  colour.  This 
colour  must  be  attributed  to  finely  divided  carbon  re¬ 
sulting  from  the  charcoal  on  top.  On  dissolving  the  slag 
in  water,  a  fine  black  slime  remained.  This  proved  to  be 
pure  carbon,  and  the  solution  showed  only  a  trace  of  iron. 
The  borax  slag  was  vitreous,  hard,  subtranslucent,  and 
olive-green.  The  button  separated  well  from  the  slag, 
was  white,  bright,  easily  cut,  and  malleable  ;  scrapings 
were  not  attracted  by  the  magnet,  showing  the  absence* 
of  iron.  The  tin,  however,  did  not  all  collect  in  the 
button,  as  usually  happens  with  tin  assays.  Prills  re¬ 
mained  suspended  in  the  slag,  and  some  adhered  to  that 
part  of  the  crucible  in  contact  with  it.  In  the  assays  the 
salt  slag,  the  borax  slag,  and  the  lower  part  of  the 
crucible  were  ground  together  and  screened  through  a  40- 
mesh  sieve.  The  scales  of  each  set  of  assays  were 
weighed  together,  and  the  fine  pulp  of  the  same  set 
panned,  and  the  resulting  fine  tin  weighed.  It  seemed 
advisable  to  do  it  in  this  manner,  because  the  amount  of 
scales  and  siftings  in  the  separate  assays  was  so  small 
that  it  might  easily  have  caused  an  error  in  the  results. 

If  the  percentage  of  tin  recovered  in  the  assays  Nos.  1, 
2,  3,  67*58  per  cent,  and  in  Nos.  4,  5,  6,  67-46  per  cent,  be 
compared  with  the  adlual  amount  of  tin  present,  67 ‘84  per 
cent,  it  will  be  seen  that  the  results  obtained  by  this  method 
are  all  that  could  be  desired.  The  two  averages  differ  only 
by  0*12  per  cent,  which  is  also  very  favourable.  That 
assays  Nos.  1,  2,  3  agree  accurately  is  mere  accident.  It 
will  be  seen  that  67-40  per  cent  collected  in  the  button, 
and  that  only  0-28  per  cent  was  scattered  through  the 
slags  and  adhered  to  the  crucible.  Assays  Nos.  4,  5,  6 
agree  within  0-2  per  cent.  Less  tin  was  collected  in  the 
button  than  in  Nos.  1,  2,  3,  and  the  total  result  is 
slightly  lower,  although  still  very  good,  i  e.,  accurate 
within  0-5  per  cent. 

♦  Bertbier,  “  Traite  des  Essais,”  1847,  vol.  ii.,  p.  473, 
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No.  of 
Assay. 


Total. 
_ < _ 


Table  II. 


Resulting  Tin. 
_ 1 _ 


In  button. 


In  scales. 


In  siftings. 

_ 1 _ 


Grms. 

Per  cent. 

Grms. 

Per  cent. 

Grms. 

Per  cent. 

Grms. 

Per  cent. 

I. 

3  379 

67-58 

3B7 

67-40 

— 

— 

— 

— 

2. 

3 '379 

67-58 

3-37 

67-40 

— 

— 

— 

— 

3- 

3'379 

67-58 

3-37 

67-40 

— 

— 

— 

— 

Average. . 

••  3*379 

67-58 

3’37 

67HO 

0-001 

0'02 

0-008 

0-16 

4- 

3*380 

6760 

3-3I 

66-20 

— 

— 

— 

— 

5- 

3-37° 

67-40 

3-30 

66-oo 

— 

— 

— 

— 

6. 

3'37° 

67-40 

3-30 

66-oo 

— 

— 

— 

— 

Average. . 

••  3-373 

67-46 

3-303 

66-o6 

0-015 

0-30 

0-055 

1*10 

To  see  what  influence  would  be  produced  by  variations 
of  time  and  temperature,  assays  Nos.  7  to  10  were  made, 
increasing  the  time  to  two  hours  with  Nos.  7,  8,  g,  10, 
and  keeping  Nos.  9  and  10  hotter  than  Nos.  7  and  8,  and 
these  last  hotter  than  Nos.  1  to  6. 

(To  be  continued). 


RECOVERY  OF  ABSORBED  MORPHINE  FROM 
THE  URINE,  THE  BLOOD,  AND  THE 
TISSUES.* 

By  THEODORE  G.  WORMLEY,  M.D.,  LL.D., 

Professor  ot  Chemistry  and  Toxicology,  Medical  Department, 
University  of  Pennsylvania, 

(Continued  from  p.  67). 

Recovery  of  Morphine  by  Amyl  Alcohol. 

In  the  following  examinations  in  regard  to  the  application 
of  amyl  alcohol  for  the  extradlion  and  recovery  of 
morphine,  Kahlbaum’s  alcohol  was  employed.  It  was 
apparently  perfedtly  pure,  and  had  a  density,  as  observed 
by  a  picnometer,  of  o-8n,  at  20°  C. 

Amyl  alcohol  is  about  wholly  insoluble  in  water,  but  a 
limited  quantity  of  water  is  dissolved  or  taken  up  by  the 
alcohol.  If  100  volumes  of  the  alcohol  be  agitated  with  20 
volumes  of  water,  after  complete  separation  of  the 
liquids,  the  alcoholic  liquid  will  measure  109  volumes, 
the  aqueous  being  reduced  to  n  volumes.  In  other 
words,  under  these  conditions  one  volume  of  water  is 
taken  up  by  ii-ii  volumes  of  the  alcohol,  with  a  corres¬ 
ponding  increase  of  volume  of  the  latter  liquid. 

On  digesting  excess  of  finely  powdered  pure  morphine 
with  amyl  alcohol  at  the  ordinary  temperature  for  some 
hours,  with  frequent  agitation,  one  part  of  morphine  is 
taken  up  or  dissolved  by  about  150  parts  by  weight  of  the 
alcohol.  Under  the  adtion  of  heat  one  part  of  morphine 
may  be  dissolved  in  about  50  parts  of  the  hot  liquid.  A 
hot  saturated  solution  of  this  kind,  after  cooling  and 
standing  one  hour,  will  still  contain  one  part  morphine  in 
about  62  parts  of  the  alcohol ;  after  standing  twenty 
hours,  one  part  in  about  82  parts  of  the  alcohol.  The  salts 
of  morphine  are  more  or  less  extraded  from  their  aqueous 
solution  by  amyl  alcohol,  differing  in  this  resped:  some¬ 
what  according  to  the  form  of  salt  present.  On  dissolving, 
in  the  form  of  a  salt,  the  equivalent  of  25  m.grms.  pure 
morphine  in  5  c.c.  water,  agitating  this  solution  with  25 
c.c,  pure  hot  amyl  alcohol,  then  allowing  the  mixture  to 
stand  for  twenty  hours,  the  clear  amyl  alcohol  held  in 
solution,  of  the  morphine,  as  follows 

Amyl  alcohol  Aqueous  solution 


extracted.  retained. 

M.grms.  M.grms. 

Morphine,  as  acetate  ..  ..  8-93  16-07 

,,  ,,  sulphate  ..  ..  4-2  20-8 

,,  „  hydrochloride  ..  3-6  21-4 


*  From  the  University  Medical  Magaz 


Under  similar  conditions,  only  that  25  c.c.  of  amyl 
alcohol  already  saturated  with  water  were  employed,  the 
following  results  were  obtained  :  — 

Amyl  alcohol  Aqueous  solution 


extradted.  retained. 

M.grms.  M.grms. 

Morphine,  as  acetate  ..  ..  5-0  20-0 

n  i>  sulphate  . .  . .  2’8  22'2 

„  ,,  hydrochloride  . .  2-5  22-5 


These  results  indicate  that  on  extrading  an  aqueous 
solution  of  a  salt  of  morphine  with  pure  amyl  alcohol,  a 
very  notable  portion  of  the  alkaloid  may  be  taken  up  by 
the  alcohol ;  that  this  proportion  maybe  diminished  by 
first  saturating  the  alcohol  with  water,  and,  finally,  that 
a  greater  proportion  of  the  alkaloid  is  taken  up  when  in 
the  form  of  acetate  than  when  present  either  as  sulphate 
or  hydrochloride. 

In  the  extradion  of  morphine  in  its  free  or  uncombined 
state  from  the  uiine,  by  amyl  alcohol,  the  results  are 
mote  or  less  interfered  with  by  the  large  proportion  of 
urea  taken  up  by  the  alcohol. 

On  digesting  excess  of  finely  powdered  urea  with  hot 
amyl  alcohol,  and  allowing  the  mixture  to  stand  some 
hours,  it  was  found  that  the  liquid  still  held  in  solution 
one  part  of  urea  in  78  8  parts  of  the  alcohol. 

A  still  more  serious  interference  is  the  extradion  by  the 
alcohol  of  certain  extradive  matters  of  the  urine,  which, 
having  a  strong  reducing  adion,  may  mislead  in  regard 
to  some  of  the  tests  for  morphine. 

Cases  Examined. 

Case  I.— A  dog,  weighing  10  kilos.,  whose  bladder  had 
just  been  emptied  by  means  of  a  catheter,  was  given, 
Nov.  7th,  1889,  3*0  grms.  (46  grains)  of  pure  morphine! 
dissolved  by  the  aid  of  acetic  acid  in  10  c.c.  water  the 
solution  being  introduced  into  the  stomach  by  mean’s  of 
a  tube. 

Within  ten  minutes  the  animal  became  very  drowsy ; 
soon  thereafter  there  was  great  stupor,  but  a  slight  noise 
would  startle  the  animal.  After  about  one  hour  there 
was  great  weakness  or  partial  paralysis  of  the  hind  legs. 
At  the  end  of  twenty-four  hours  the  animal  was  much 
better,  the  weakness  of  the  hind  legs  having  disappeared  ; 
but  it  remained  more  or  less  drowsy  for  fifty  hours,  when 
it  was  killed  by  being  bled  to  death. 

x.  Urine. — A. — Obtained  from  the  animal  by  cathetisa- 
ti°n,  two  hours  and  forty  minutes  after  administration  of 
the  morphine,  12  c.c.  turbid  urine.  This  was  acidulated 
with  hydrochloric  acid,  and  then  extradted  by  agitation 
with  two  volumes  hot  amyl  alcohol,  which  had  already 
been  saturated  with  water.  After  decanting  the  alcohol 
the  aqueous  fluid  was  rendered  alkaline  by  ammonia  and 
again  extradted  by  two  volumes  hot  amyl  alcohol’  and 
finally  washed  with  a  fresh  portion  of  the  alcohol.  The 
alcohol  thus  employed  was  passed  through  a  filter  pre- 
viously  moistened  with  amyl  alcohol  and  evanorated  to 
dryness. 
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The  alcoholic  residue  was  treated  with  a  little  acidu¬ 
lated  water,  the  solution  filtered,  then  rendered  alkaline 
by  ammonia,  and  again  extracted  by  hot  amyl  alcohol. 
The  residue  from  the  evaporation  of  this  alcohol  was 
treated  with  a  little  water,  a  drop  of  acetic  acid  added, 
the  liquid  filtered,  then  concentrated  to  a  small  volume. 
Slight  excess  of  ammonia  was  now  added,  and  the  liquid 
allowed  to  evaporate  spontaneously. 

On  applying  to  this  residue  the  principal  tests  for 
morphine,  they  promply  indicated  the  presence  of  a  very 
notable  quantity  of  the  alkaloid.  After  washing  out  the 
crystallised  urea  present  with  a  little  cold  water,  the 
morphine  was  obtained  partly  in  the  crystalline  state. 
The  total  quantity  of  morphine  present  in  the  residue  was 
estimated  at  about  four  m.grms. 

B. — Withdrew  by  catheter  twenty-two  hours  after 
administration  of  the  morphine,  160  c.c.  urine,  having  a 
strong  alkaline  readtion,  and  which  strongly  effervesced 
on  addition  of  hydrochloric  acid,  due  to  the  presence  of 
ammonium  carbonate.  Evaporated  the  urine  to  60  c.c., 
cooled,  and  strained.  Extradted  the  strained  liquid,  while 
still  acid,  with  about  two  volumes  hot  amyl  alcohol,  pre¬ 
viously  saturated  with  water. 

The  aqueous  liquid,  after  decanting  the  alcohol,  was 
treated  with  slight  excess  of  ammonia  and  extradted  by 
two  volumes  hot  amyl  alcohol.  This  was  decanted, 
filtered,  and  evaporated  to  dryness. 

Minute  portions  of  the  residue  thus  obtained  clearly 
indicated,  by  Froehde’s  reagent  and  other  tests,  the  pre¬ 
sence  of  morphine  in  considerable  quantity. 

The  residue  was  treated  with  a  small  quantity  of 
acidulated  water,  the  solution  filtered,  then  rendered 
alkaline,  and  again  extradted  by  hot  amyl  alcohol.  The 
residue  from  the  evaporation  of  this  alcohol  was  extradted 
in  like  manner  a  third  time  by  amyl  alcohol. 

The  final  residue  was  treated  with  about  5  c.c.  water 
acidulated  with  acetic  acid,  and  the  filtered  solution 
treated  with  slight  excess  of  ammonia.  Very  quickly 
crystals  of  morphine  separated,  and  there  was  finally  ob¬ 
tained  from  the  solution,  after  washing  with  cold  water 
and  with  ether,  24  m.grms.  of  finely  crystallised,  nearly 
colourless  morphine. 

It  may  here  be  noted  that  on  washing  the  urea  from  a 
residue  consisting  of  morphine,  urea,  and  extradtive 
matters,  with  cold  water,  the  morphine  will  be  dissolved 
greatly  in  excess  over  its  solubility  in  pure  water.  This 
excess  may  sometimes  be  recovered,  in  part  at  least,  by 
concentrating  the  liquid  to  a  small  volume,  adding  a 
trace  of  ammonia,  and  allowing  the  mixture  to  stand  in  a 
closed  tube  for  some  days  or  longer;  the  morphine  may 
then  separate  in  the  form  of  colourless  crystals,  even  from 
highly  coloured  liquids. 

2.  The  Blood. — Fifty  hours  after  the  administration  of 
the  morphine,  the  dog  still  being  strongly  under  the  in¬ 
fluence  of  the  drug,  300  c.c.  of  blood  was  obtained  from 
the  animal.  This  was  treated  with  500  c.c.  strong 
ordinary  ethyl  alcohol,  5  c.c.  of  acetic  acid  added,  and  the 
whole  frequently  agitated  in  a  strong  cylinder  during  two 
days.  Decanted  the  liquid,  and  pulverised  the  solids  in  a 
mortar,  returned  the  mass  to  the  liquid  diluted  with  water 
to  1000  c.c.  and  moderately  heated  the  mixture.  The 
cooled  liquid  was  strained  and  the  solids  washed  and  pre¬ 
served  for  future  examination  ( B ). 

A.  — The  strained  liquid  was  concentrated,  filtered,  and 
finally  reduced  to  50  c.c.  It  was  then  rendered  alkaline 
by  ammonia,  and  extradted  with  twice  its  volume  of  pure 
hot  amyl  alcohol.  This  was  separated,  filtered,  and 
evaporated  to  dryness  ;  and  the  residue  thus  obtained, 
after  solution  and  filtration,  was  again  extradted  by  fresh 
hot  amyl  alcohol. 

The  residue  from  the  second  amyl  alcohol  extradt, 
when  treated  in  the  usual  manner,  furnished  14  m.grms. 
morphine,  chiefly  in  the  crystalline  state,  but  rather 
highly  coloured. 

B.  — In  order  to  ascertain  whether  the  above  albuminous 
golids  still  contained  a  notable  quantity  of  morphine, 
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which  might  be  recovered  by  a  stronger  acid,  the  mass 
was  treated  with  500  c.c.  water  and  10  c.c.  hydrochloric 
acid,  and  allowed  to  stand  one  day.  The  mixture  was 
then  largely  diluted  with  water  and  again  allowed  to 
stand. 

As  the  mixture  was  slimy  and  would  not  strain,  it  was 
about  neutralised  by  sodium  hydroxide,  then  strongly 
acidulated  with  acetic  acid.  The  liquid  was  then 
strained,  concentrated,  filtered,  and  finally  reduced  to 
100  c.c. 

This,  after  addition  of  ammonia,  was  extradted  with 
hot  amyl  alcohol ;  and  the  residue  obtained  on  evapo¬ 
rating  this  liquid  extradted  a  second  time  by  a  fresh  por¬ 
tion  of  amyl  alcohol. 

From  the  second  alcoholic  extradt,  8‘5  m.grms.  of  very 
nearly  pure  morphine  were  obtained. 

3.  Liver. — The  liver  was  cut  into  small  shreds,  these 
crushed  in  a  mortar,  and  extradted  at  a  moderate  heat  with 
500  c.c,  water  strongly  acidulated  with  acetic  acid. 

The  solution  thus  obtained  was  filtered,  then  reduced 
to  100  c.c.,  rendered  alkaline,  and  extradted  with  twice  its 
volume  of  hot  amyl  alcohol.  The  residue  from  this 
alcohol  was  extradted  a  second  time,  and  this  in  turn  a 
third  time,  with  fresh  portions  of  amyl  alcohol. 

From  the  final  alcoholic  extradt,  41  m.grms.  of 
essentially  pure  morphine  were  obtained. 

4.  Brain. — The  brain  was  removed  immediately  after 
the  death  of  the  animal.  It  presented  a  rather  anaemic 
condition,  being  free  from  any  signs  of  congestion. 

The  organ  was  crushed  in  a  mortar,  and  extradted  with 
diluted  alcohol  strongly  acidulated  with  hydrochloric 
acid.  The  final  aqueous  solution  obtained  was  extradted 
by  amyl  alcohol,  and  the  purification  by  the  alcohol  re¬ 
peated  a  second  and  third  time. 

The  final  residue  clearly  showed  the  presence  of  mor¬ 
phine,  but  the  total  quantity  present  was  very  minute. 

5.  Stomach. —  An  examination  of  the  contents  and 
scrapings  of  the  stomach,  consisting  of  little  else  than 
glairy  mucus,  showed  the  presence  of  morphine  in  very 
minute  quantity.  So  far  as  known,  the  animal  did  not 
vomit,  not  did  it  take  any  food  after  the  administration  of 
the  morphine. 

Case  II — Injedted  hypodermically  into  the  side  of  a 
dog,  weight  about  10  kilos.,  i-o  grm.  pure  morphine,  dis¬ 
solved  by  acetic  acid  in  10  c.c.  water,  the  bladder  of  the 
animal  having  previously  been  emptied  by  means  of  a 
catheter.  The  animal  soon  showed  the  ordinary 
symptoms  of  the  poison,  but  after  some  days  fully  re¬ 
covered.  The  urine  was  withdrawn  and  examined  as 
follows : — 

a.  Two  hours  after  administration  of  the  morphine,  20 
c.c.  urine  of  feeble  acid  readtion  was  obtained.  This  was 
diredtly  neutralised  by  ammonia,  and  extradted  by  hot 
amyl  alcohol.  This  liquid,  after  filtration  and  evapora¬ 
tion,  left  a  residue  which  readily  showed  the  presence  of 
morphine  in  decided  quantity.  After  a  second  extradtion 
by  amyl  alcohol,  and  further  purification,  19  m.grms.  of 
nearly  colourless  crystals  of  morphine  were  obtained. 

b.  Five  hours  and  a  half  after,  the  injedtion  obtained 
40  c.c.  of  slightly  alkaline  urine.  This  was  reduced  to  20 

c.c.,  and  then  extradted  by  amyl  alcohol.  The  residue 
from  this  extradtion,  when  purified  as  before,  furnished 
23’8  m.grms.  crystallised  morphine. 

c.  Twenty  six  hours  after,  the  injedtion  obtained  So  c.c. 
urine  of  slightly  acid  readtion  and  sp.  gr.  1016.  This, 
rendered  alkaline  by  ammonia,  was  extradted  diredtly  by 
amyl  alcohol.  The  residue  obtained  from  this  extradt, 
when  further  purified,  readily  showed,  under  several  tests, 
the  presence  of  morphine,  but  repeated  efforts  failed  to 
obtain  it  in  the  crystalline  state. 

d.  Twenty-eight  hours  after,  the  injedtion  obtained  20 
c.c.  urine.  From  this  obtained  very  satisfadtory  evidence 
of  the  presence  of  morphine,  but  only  in  the  amorphous 
state.  The  quantity  present  was  obviously  much  less 
than  in  the  preceding  examination. 

e.  Seventy-two  hours  after,  the  injedtion  obtained  60 
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c.c.  of  urine.  This  still  clearly  showed  the  presence  of 
morphine,  but  in  further  diminished  quantity. 

/.  Twenty  c.c.  urine  obtained  at  the  end  of  ninety-six 
hours  still  showed  under  Froehde’s  reagent  the  presence 
of  morphine,  but  beyond  this  reaction  the  results  were 
doubtful. 

Case  III. — Injedted  subcutaneously  o-2  grm.  morphine, 
in  10  c.c.  water,  into  a  dog.  This  was  the  same  animal 
used  in  last  experiment,  but  twelve  days  thereafter. 
Marked  symptoms  appeared  within  ten  minutes. 

a.  Two  hours  after  the  injedtion  obtained  28  c.c.  urine. 
This  was  concentrated  to  14  c.c.,  and  extradted  in  the 
usual  manner.  The  final  residue  readily  showed  the 
presence  of  morphine,  but  the  alkaloid  was  not  obtained 
in  the  crystalline  state.  Fine  crystals  of  the  chromate, 
however,  under  the  adtion  of  potassium  chromate,  were 
obtained. 

b.  Five  hours  and  a  half  after  the  injedtion  obtained  50 

c.c.  urine  of  acid  readtion  and  sp.  gr.  1016.  This  was 
concentrated  to  20  c.c.,  and  extradted  in  the  usual 
manner.  The  final  residue  showed  the  presence  of  mor¬ 
phine  in  perhaps  somewhat  larger  quantity  than  found  in 
the  previous  examination,  but  it  was  obtained  only 
amorphous. 

c.  From  14  c.c.  urine  withdrawn  at  the  end  of  twenty- 
eight  hours  the  final  residue,  after  purification  by  ether, 
gave  under  Froehde’s  reagent  very  marked  morphine 
readtions. 

(To  be  continued). 
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The  fadts  just  given  had  an  important  influence  upon 
chemical  thought.  The  source  of  the  large  quantities  of 
nitrogen  combined  in  the  cyanides  thus  obtained  became 
a  subjedt  of  adtive  discussion.  It  was  not  at  once  ad¬ 
mitted  that  the  free  nitrogen  of  the  air  could  be  taken 
into  combination  with  carbon  to  form  cyanogen  under  the 
conditions  existing  in  the  blast  furnace.  The  tendency 
was,  at  first,  rather  to  find  the  source  of  nitrogen  in  the 
fuel  or  in  the  ammonia  of  the  air.  But  the  answer  was 
given  in  a  series  of  accurate  experiments  which  left  no 
room  for  doubt,  and  the  diredt  fixation  of  atmospheric 
nitrogen  by  hot  carbon  under  given  conditions  has  long 
been  accepted  as  a  fadt  in  chemistry/ 

The  paper  of  Bunsen  and  Playfair  was  read  before  the 
British  Association  in  1845,  but  to  take  up  the  discussion 
methodically  we  must  go  back  a  few  years.  As  has  been 
said,  the  produdtion  of  cyanides  in  the  blast  furnace  at 
once  raised  the  question  of  the  source  of  the  combined 
nitrogen,  and  the  problem  suggested  by  the  furnace  was 
soon  transferred  to  the  chemical  laboratory. 

Lewis  Thomson,  of  Newcastle-upon-Tyne,  in  1839 
(Dingl.  pol.  y.,  73,  281)  first  proved  that  potassium 
cyanide  is  produced  when  coke,  potash,  and  iron  filings 
are  heated  to  a  high  red  heat  in  contadt  with  air,  and  he 
received  the  medal  of  the  Society  of  Arts  for  his  discovery. 
Priority  is  claimed  for  Defosses,  who  made  a  similar  dis¬ 
covery  about  the  same  time  at  Besancon  in  France. 
Fownes  and  Young  (/.  pr.  Ch.,  xxvi.,  407)  also  con- 
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+  The  substance  of  this  article  was  prepared  as  an  appendix  to  a 
commercial  report,  but  has  not  been  printed  heretofore  in  any 
scientific  journal. — A.  A.  B. 

1  The  experiments  of  Bunsen  and  Playfair  showed  also  that,  on  the 
small  scale  and  with  a  very  slow  current  of  nitrogen,  all  of  the  nitro¬ 
gen  was  absorbed  by  the  hot  mixture  of  potash  and  carbon.  It  is 
much  to  be  regretted  that  no  record  of  the  composition  of  the  escap¬ 
ing  gases  was  made  in  the  commercial  manufacture  of  cyanides  by 
Possoz  and  Boissiere. — B. 


firmed  these  statements  in  1841,  using  carbon  prepared 
from  cane  sugar  and  pure  potash. 

Erdmann  and  Marchand,  however,  in  1842  (/.  pr.  Ch., 
xxvi.,  412)  repeated  Fownes’s  experiments  and  reported 
that  the  process  was  uncertain  and  required  very  exadt 
regulation  of  conditions  to  produce  any  cyanides  at  all. 
They  concluded  that  no  cyanogen  is  produced  when  the 
materials  are  perfedtly  dry. 

Berzelius  (fsb.  d.  fortschr.  d.  Chem.,  1844,  23)  remarked 
that  these  results  of  E.  and  M.  agreed  with  the  earlier 
results  of  Wohler,  in  that  water  was  shown  to  be  neces¬ 
sary  to  the  readtion.  It  was  suggested  that  water  plays 
the  part  of  an  intermediary  in  the  readtion,  first  forming 
ammonia,  which  is  then  converted  into  cyanide. 

Langlois  (Ann.  cli.  phys.,  [3]  i.,  117)  discussed  the 
question  raised  by  Erdmann  and  Marchand.  He  made 
two  experiments.  1.  Moist,  purified  air  was  passed  over 
a  mixture  of  pure  carbon  and  potash  heated  to  high  red¬ 
ness.  Cyanogen  was  obtained.  2.  Dry  air  under  the 
same  conditions  also  yielded  cyanogen.  The  produdtion 
of  cyanogen  in  each  case  was  tested  by  converting  it  into 
Prussian  blue  in  the  solution  obtained  from  the  fused  mass 
of  carbon  and  potash.  He  found,  however,  that  if  a  lead 
glazed  earthen  tube  were  used  instead  of  a  porcelain 
tube,  no  cyanogen  was  obtained — lead  in  the  glaze  ap¬ 
parently  decomposing  cyanogen — and  he  ascribes  the 
errors  of  Erdmann  and  Marchand  to  this  fadt. 

Bunsen  and  Playfair  (B.  A.  Rep.,  1845)  also  attacked 
this  question  in  their  investigation  above  quoted.  They 
passed  nitrogen  over  a  mixture  of  pure  carbon  and  potash 
heated  to  high  redness  in  a  tube  and  obtained  potassium 
cyanide.  As  the  nitrogen  was  free  from  ammonia  and 
the  materials  were  chemically  pure  the  origin  of  the 
nitrogen  in  the  cyanide  was  placed  beyond  doubt. 

Rieken  (Dingl.  pol.  /.,  cxxi.,  286)  by  very  careful  ex¬ 
periments  confirmed  the  conclusion  of  Bunsen  and  Playfair 
as  to  the  formation  of  cyanogen  from  pure  carbon  and 
nitrogen  at  a  high  temperature.  He  obtained  pure  carbon 
by  heating  pure  cane  sugar,  and  pure  potash  by  igniting 
pure  crystallised  potassium  bicarbonate.  The  mixture  of 
carbon  and  potash  was  then  put  into  a  tube  and  heated 
to  whiteness,  and  nitrogen,  prepared  from  air,  was  passed 
over  it.  This  nitrogen  was  prepared  by  passing  air 
through  strong  sulphuric  acid  and  then  through  calcium 
chloride — thus  removing  both  ammonia  and  water — then 
over  iron  filings  heated  white  hot  in  a  gun-barrel  and 
finally  through  the  mixture  of  white  hot  potash  and  char¬ 
coal.  The  highest  white  heat  was  required  and  the 
previous  heating  of  the  nitrogen  was  found  to  be  essential. 
When  the  temperature  was  below  whiteness  no  trace  of 
potassium  cyanide  was  formed. 

Delbruch  (Jsb.  Chem.,  i.,  473)  added  further  to  the 
weight  of  evidence  in  favour  of  the  conclusion  of  Bunsen 
and  Playfair.  He  showed  that  the  diredt  union  of  carbon 
and  nitrogen  was  incontestable  and  extended  the  limits  of 
existing  knowledge  upon  the  subjedt  by  describing  other 
related  readtions  in  which  cyanogen  is  formed.  Nitric 
oxide  and  “  potassium  carbonic  oxide  ”*  were  shown  to 
produce  cyanogen  when  heated.  Carbon  dioxide  (C02) 
mixed  with  ammonia,  or  even  with  nitrogen,  when  passed 
over  hot  metallic  potassium,  or  ammonium  carbonate  kept 
in  contadt  with  fused  potassium,  also  yielded  cyanogen. 

The  fadt  of  the  diredt  union  of  nitrogen  and  carbon 
being  settled,  and  the  practicability  of  carrying  out  the 
readtion  on  a  commercial  scale  having  been,  in  a  certain 
sense,  proven  by  the  accidental  phenomena  of  the  blast 
furnace,  attempts  were  made  to  build  up  a  new  manufac¬ 
ture,  in  which  cyanides  should  be  made  diredt  from  the 
nitrogen  of  the  air. 

The  first  patent  taken  out  in  England  for  manufadture 
of  cyanides  on  the  new  principle  was  by  A.  V.  Newton. 
(Dingl.  pol.  y.,  x cv.,293;  Eng.  Pat.  No.  9985,  Dec.  13, 
1843)  A  patent  taken  out  in  1839  by  John  Swindells 
(Eng.  Pat.,  No.  8036)  for  the  manufadture  of  cyanide 
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might  have  come  partly  under  the  same  head,  as  it  in 
volved  the  fusion  of  potassium  or  sodium  sulphate,  coal 
and  iron  in  a  reverberatory  furnace.  A  portion  of  the 
nitrogen  of  the  fire  gases  might  have  been  taken  into 
combination  under  these  conditions  as  an  alkaline  car¬ 
bonate  is  formed,  but  the  process  avowedly  looked  only 
to  fixing  the  nitrogen  of  the  coal  as  cyanide. 

The  specification  of  Newton  especially  prescribes  that 
nitrogen  from  any  source,  but  free  from  “  oxidating  sub¬ 
stances, ”  be  forced  through  a  layer  of  small  pieces  of 
charcoal  saturated  with  “  pot-ashes  ”  and  heated  to  red¬ 
ness,  the  vapours  containing  cyanides  to  be  absorbed  by 
suitable  liquids.  He  states  that  oxygen  decomposes  the 
cyanides  at  high  temperatures  ;  the  necessity  of  excluding 
oxygen  has  always  been  recognised  by  other  writers  upon 
the  subject  as  an  essential  feature  of  the  process. 

Newton  used  either  charcoal,  coal,  or  coke,  but  pre¬ 
ferred  the  former,  in  pieces  the  size  of  a  hazel-nut.  The 
charcoal  was  saturated  with  a  strong  solution  of  potash 
and  dried  before  being  put  into  the  retort.  A  definite 
maximum  proportion  of  alkali  was  used  ;  an  excess  pre¬ 
vents  complete  absorption  of  nitrogen  and  a  deficiency 
involves  loss  (of  carbon  ?).  Twenty-five  to  one  hundred 
parts  of  potash  are  used  to  one  hundred  of  coal,  according 
to  the  density  of  the  latter.  Nitrogen  should  always  be 
in  excess,  but  must  not  be  passed  too  rapidly.  A  certain 
pressure  upon  the  gas  and  much  friction  with  the  solids 
through  which  it  passes  are  favouring  conditions. 

Newton  recommends  the  use  of  waste  gases  from  the 
sulphuric  acid  chambers  after  passing  through  ferrous 
sulphate  and  lime-water,  to  remove  oxides  of  nitrogen. 
The  use  of  these  chamber  gases  has  also  been  suggested 
by  Binks,  Firman,  and  others  (“  R.  W. vol.  i.,  Pt.  5, 
61—65). 

Before  the  date  of  Newton’s  patent,  however,  Possoz 
and  Boissiere  (Jsb.  chcni.  Tech.,  1855,  83;  1858,  19 1 ; 
Dingl.  pol.  y.,  civ.,  446;  cvii.,  444;  cxxix.,  361;  cxlix., 
56)  had  been  at  work  upon  the  same  industrial  problem 
in  France,  and  had  in  operation  at  Grenelle,  near  Paris, 
in  1843,  a  small  plant  which  was  turning  out  yellow 
prussiate  at  the  rate  of  15,000  kilos.,  or  more  than  fifteen 
tons  per  annum.  The  high  price  of  fuel  and  the  need  of 
a  cheap  and  abundant  supply  of  highly  refractory  clay 
for  making  the  retorts  used  in  the  process  led  them  to 
remove,  in  1844,  to  Newcastle-upon-Tyne,  England, 
where  they  went  into  the  operation  on  a  large  scale, 
under  the  patronage  and  co-operation  of  Bramwell  and 
Hughes.  The  works  here,  in  1845,  turned  out  yellow 
prussiate  at  the  rate  of  more  than  a  ton  a  day..  They 
were  run  until  1847,  anc*  were  then  abandoned  after  con¬ 
siderable  loss.  The  salt  was  said  to  be  produced  at  the 
rate  of  less  than  two  francs  per  kilo.,  and  was  of  excep¬ 
tionally  fine  quality. 

This  is  the  most  persistent  attempt  on  record  to  estab¬ 
lish  commercially  a  process  for  the  fixation  of  atmospheric 
nitrogen,  and  as  such  deserves  close  consideration. 

The  process  consisted  of  passing  the  gas  from  a  coal 
fire  through  large  vertical  cylinders  or  retorts  of  fire  clay 
filled  with  a  mixture  of  wood  charcoal  and  potash.  The 
charcoal  was  prepared  by  saturating  it  with  a  solution  of 
potash  and  then  drying.  Much  stress  was  laid  by  P.  and 
B.  upon  exclusion  of  water  in  the  process.  The  retorts 
were  hept  at  the  highest  possible  temperature — a  white 
heat  being  preferred — as  the  rate  of  conversion  of  potash 
into  cyanide  was  found  to  be  proportional  to  temperature. 
The  conversion  was  commonly  completed  after  ten  hours, 
but  2 — 3  hours  in  some  casses  was  sufficient,  with  a  good 
white  heat.  The  cyanised  charcoal  was  withdrawn  at 
the  bottom  of  the  cylinder  and  dropped  into  a  tank  of 
water  containg  powdered  spathic  iron  ore  in  suspension, 
by  which  the  cyanides  were  converted  into  ferroryanides 
or  prussiates.  The  solution  was  finally  filtered  and 
evaporated  to  crystallisation.  The  apparatus  worked 
continuously. 


In  the  French  experiments  the  retorts  were  seven  to 
eight  feet  long  with  walls  2 — 3  inches  thick.  In  England, 
much  larger  and  heavier  retorts  were  used.  The  high 
temperature,  in  connection  with  the  alkalies,  caused  rapid 
destruction  to  the  retorts.  They  were  heated  white  hot 
before  the  introduction  of  the  alkalised  coal.  White  hot 
flues  also  served  to  superheat  the  nitrogen  or  furnace 
ga=es  before  entering  the  retorts.  In  later  forms  of  the 
apparatus  air  was  admitted  direCtly  to  the  cylinders, 
oxygen  being  removed  in  passing  through  the  upper  layers 
of  carbon.  The  presence  of  carbonic  oxide  or  carbon  di¬ 
oxide,  as  in  the  fire  gases,  was  found  to  be  disadvan¬ 
tageous.  Coke  yielded  less  cyanogen  than  charcoal.  The 
production  of  cyanide  was  said  to  be  greater  for  a  given 
weight  of  potash  than  by  the  old  prussiate  process.  The 
alkalised  charcoal  contained  30  per  cent  of  potash.  Soda 
was  found  inferior  to  potash  and  requ'red  a  higher  tem¬ 
perature.  Water,  even  in  small  quanties,  hindered  the 
production  of  cyanogen.  This  faCt  was  ascribed  by  P. 
and  B.  to  decomposition  of  the  latter  by  water  to  form 
ammonia. 

In  the  latest  constructions  the  cylinders  were  10  feet  in 
length  and  2  feet  in  diameter  with  walls  9  inches  in  thick¬ 
ness.  These  were  built  of  fire  brick,  and  their  massive 
character  enabled  them  to  retain  heat  and  to  resist  wear 
so  as  to  last  several  months  in  use.  Lateral  slits  were 
also  made  in  the  walls  of  the  cylinders  for  admission  of 
air  direCt,  and  through  these  slits  the  contents  could  be 
stirred  to  prevent  clogging  by  fused  potash,  which  had 
been  one  of  the  chief  obstacles  in  the  process.  The  cur¬ 
rent  of  gas  was  upward  and  the  charcoal  was  fed  in  at 
the  top  in  moist  condition  and  dried  thus  by  waste  heat. 
A  pump  drew  the  gases  through  the  cylinders. 

The  causes  of  failure  assigned  in  England  were  the 
rapid  destruction  of  apparatus  owing  to  corrosion  of  the 
retorts  by  the  alkali,  and  the  great  loss  of  alkali  by 
volatilisation,  or  absorption  by  the  cylinders.  Much  potash 
was  wasted  in  the  fine  charcoal  after  lixiviation  or  con¬ 
verted  into  silicates  and  other  salts  useless  for  further 
application  in  the  process.  Bramwell  {Dingl.  pol.  y.,  civ., 
446)  patented  some  of  the  later  improvements  ofP.  and  B.’s 
plant  which  were  devised  by  him  (Eng.  Pat.,  OCt.  8,  1846). 
He  preferred  to  convert  oxygen  of  the  air  into  carbonic 
acid  rather  than  carbonic  oxide  before  carrying  it  into  the 
cylinders.  The  use  of  lateral  slits  is  also  a  feature  of  his 
patents. 

This  process  is  said  also  to  have  been  applied  at  several 
places  in  France,  but  was  ultimately  abandoned. 

R.  Laming,  in  1843  (Eng.  Pat.,  No.  9832,  July  13,  1843), 
patented  a  process  for  manufacture  of  hydrocyanic  acid 
by  passing  ammonia  through  red-hot  charcoal. 

Swindell,  in  1844  (Eng.  Pat.,  June  12,  1844),  patented 
a  process  in  which  nitrogen  or  air  or  oxides  of  nitrogen 
were  passed  through  charcoal  or  other  carbonaceous 
material,  heated  to  full  redness  in  a  perfectly  close  retort. 
If  ammonia  is  to  be  formed,  steam  is  mixed  with  the 
nitrogenous  gas. 

J.  Laming  obtained  a  patent  in  1845  (L°g-  Pat-i  No. 
10,955,  Nov.  18,  1845),  (for  another  party),  by  which  char¬ 
coal  or  other  form  of  carbon  in  powder  is  mixed  with 
alkali  and  the  mixture  is  kept  in  fusion  while  a  current  of 
ammonia  is  passed  through  it  for  the  production  of 
cyanides. 

Bunsen  {Rep.  Brit.  Assoc.,  1845)  proposed  the  construc¬ 
tion  of  a  furnace  for  the  production  of  cyanides  on  the 
plan  of  the  blast  furnace.  It  was  be  charged  with  alter¬ 
nate  layers  of  coal  and  alkali  and  the  fused  cyanide  was 
to  be  drawn  off  periodically  at  the  bottom  {ante).  No 
industrial  application  of  this  idea  is  known,  although 
Binks  is  said  (R.  W.,  p.  66),  to  have  taken  out  a  patent 
for  a  similar  furnace. 

Armengaud  patented  in  France,  in  1846,  a  furnace  for 
manufacture  of  cyanides  from  the  nitrogen  of  the  air. 
{Ding.  pol.  y.,  c xx.,  hi  (with  diagram)  ;  Genie  Industriel, 
1853,  315)  Unlike  P.  and  B.  he  regards  the  presence  of 
steam  as  favourable  to  the  process  and  prescribes  its 
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its  regular  admission  to  the  furnace.  The  charcoal, 
which  must  be  in  excess,  is  intimately  mixed  with  potash, 
soda,  or  lime,  the  mass  is  heated  to  a  cherry  red,  and  over 
it  is  passed  a  mixture  of  furnace  gases  and  steam.  The 
absorption  chamber  resembles  a  reverberatory  furnace. 
The  produdt  is  leached  with  water  at  75 — 85°  C.  The 
volatile  produ&s  from  the  furnace  are  carried  into  a  solu¬ 
tion  of  ferrous  sulphate. 

F.  Ertel  in  1846  took  out  a  French  patent  for  a  process 
very  similar  in  principle  to  the  above  ( Dingl .  pol.  J.,  cxx., 
77;  French  Pat.,  Nov.  16,  1846)  involving  the  use  of 
steam,  or  better,  as  the  inventor  says,  of  hydrogen.  Air 
from  a  coal  fire  is  passed  through  a  column  of  coal  or  coke 
heated  to  a  cherry  red,  and  from  this  through  a  mixture 
of  charcoal  powder  and  alkaline  carbonates  or  lime,  also 
heated  to  cherry  red.  The  distinctive  features  of  Armen- 
gaud’s  and  Ertel’s  process  are  the  use  of  steam  and  the 
application  of  a  comparatively  low  temperature,  whereas 
Possoz  and  Boissiere  insisted  upon  a  white  heat  and  the 
exclusion  of  steam  as  essential  conditions. 

The  history  of  later  attempts  to  utilise  the  nitrogen  of 
the  air  for  the  manufacture  of  cyanides,  shows,  up  to  the 
present  time,  no  commercial  success.  The  few  further 
plans  or  suggestions  bearing  upon  the  question  are  added 
here  as  having  a  possible  bearing  upon  the  future  study 
of  it. 

Margueritte  and  Sourdeval  in  1862  (jfsb.  client.  Tech., 
1873,  361  ;  Ber.,  1873,  79)  found  that  when  air  is  passed 
over  a  hot  mixture  of  baiyta  and  carbon,  nitrogen  is  ab¬ 
sorbed  freely,  forming  barium  cyanide,  and  that  this  com¬ 
pound  in  presence  of  steam  at  300°  C.  yields  ammonia. 
In  another  form  of  the  process  they  passed  a  mixture  of 
illuminating  gas  and  nitrogen  over  a  mixture  of  coal  and 
barium  carbonate.  The  resulting  barium  cyanide  was 
decomposed  in  solution  by  potassium  sulphate.  They 
also  used  iron  filings  in  one  of  their  methods  similar  in 
other  respeCts  to  the  foregoing.  This  process,  which 
seemed  to  promise  much  for  the  industrial  uses  of 
nitrogen,  has  never  received  any  commercial  application, 
even  as  a  source  of  ammonia.  ( Comptes  Rend.,  1.,  1x00; 
Dingl. pol.  y.,  clvii.,  73,  357)  English  patents  for  the 
process  were  taken  out  by  Clark. 

Diess  in  1873  (E.  Meyer,  ysb.  chem.  Tech.,  1874,  442) 
patented  in  France  a  method  for  the  manufacture  of 
cyanides  which  differs  in  no  essential  feature  from  that  of 
Possoz  and  Boissiere  [ante). 

S.  Q.  and  A.  Brin,  in  1883  (Eng.  Pat.  No.  5802,  Dec. 
18,  1883),  patented  a  process  for  manufacture  of  ammonia 
by  passing  moist  nitrogen  over  coke  containing  baryta, 
which  recalls  that  of  M.  and  S.  They  also  utilised 
oxygen  separated  from  the  air  by  another  process. 

Berthelot  (ysb.  chem.  Tech.,  1869,  260;  Comptes  Rend., 
lxvii. ,  1141  ;  y.  pr.  Ch.,  evii.,  272),  in  1868,  made  a  valu¬ 
able  contribution  to  the  theory  of  the  synthesis  of 
cyanogen.  He  obtains  acetylene  (C2H2)  by  direCt  com¬ 
bination  of  its  elements  (under  the  influence  of  the  eleCtric 
spark)  and  converts  this  in  presence  of  nitrogen  by  the 
same  means  into  hydrocyanic  acid  (HCN).  He  says  that 
when  nitrogen  aCts  upon  a  highly  heated  mixture  of 
nitrogen  and  potash,  the  compound  potassium  acetylene 
(C2K2)  is  first  formed,  and  that  this,  by  direCt  union  with 
nitrogen,  forms  two  molecules  of  potassium  cyanide 
(KCN). 

J.  Blair  ( Scientific  American,  1878,  21,  with  cut,  Dingl. 
pol.  y.,  ccxxx.,  93)  in  1878,  patented  an  apparatus  in  the 
United  States  for  manufacture  of  cyanides.  Gases  from  a 
coal  fire  (a  stack  with  a  deep  layer  of  coal)  are  drawn  over 
a  layer  of  heated  iron  ore  to  form  carbonic  acid  by  oxida¬ 
tion  of  the  carbonic  oxide.  The  former  is  absorbed  by 
passing  the  gases  through  milk  of  lime,  and  the  resulting 
nitrogen  is  carried  to  a  holder.  The  nitrogen  is  then 
carried  upwards  through  a  hot  mixture  of  potash  and 
charcoal  in  a  stack  heated  externally  by  a  fire  in  a  larger 
stack  which  encloses  it.  The  charcoal  is  drawn  from  the 
bottom  and  leached.  Fumes  of  potassium  cyanide  which 
escape  from  the  stack  are  condensed  in  a  chamber  adjoin- 
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ing  and  the  lighter  fumes  are  absorbed  by  a  solution  of  a 
salt  of  iron. 

Walter  Weldon,  in  1879  (ysb.  chem.  Tech.,  1879,  472), 
obtained  a  patent  in  England  for  the  manufacture  of 
cyanides.  He  finds  that  the  temperature  necessary  for 
absorption  of  nitrogen  by  alkaline  charcoal  is  not  so  high 
as  has  been  supposed.*  Instead  of  a  white  heat,  Weldon 
finds  that  a  comparatively  low  temperature,  a  bright  red, 
or  even  a  lower  heat,  suffices  to  produce  cyanides  from 
mixtures  of  alkalies  or  alkaline  earths  with  carbon  in  pre¬ 
sence  of  air.  His  apparatus  consists  of  a  rotatory  furnace 
similar  to  that  used  in  preparation  of  black  ash  (soda 
ash). 

V.  Alder,  in  1881  (ysb.  chem.  Tech.,  1881,  D.  R.  Pat. 
12,351;  1882,  509),  brought  forward  a  method  involving 
some  new  features.  Oxides,  hydrates,  or  carbonates  of 
the  alkalies  or  alkaline  earths  with  charcoal  are  used  to 
absorb  nitrogen  prepared  by  passing  air  or  fire  gases 
through  solutions  of  potassium,  or  barium  sulphide,  or  by 
passing  air  over  iron,  copper,  or  zinc.  He  asserts  that 
presence  of  finely  divided  metallic  iron  is  useful  in  the 
process,!  and  supplies  this  by  saturating  charcoal  or  coke 
with  a  solution  of  ferrous  sulphate  and  then  igniting  it  in 
a  current  of  hydrogen.  Sulphates  and  sulphides  of  the 
alkalies  are  also  used,  together  with  lime,  in  place  of 
other  alkaline  bodies  above  mentioned.  In  a  later  patent 
(D.  R.  Pat.,  No.  18,945,  1881),  the  admixture  of  hydro¬ 
carbon  gases  or  carbonic  oxide  with  the  nitrogen  is  re¬ 
commended  ;  also  the  fuel  in  fragments  is  coated  with  a 
pasty  mass  made  by  mixing  a  strong  solution  of  a  soluble 
salt  with  charcoal  powder,  sawdust,  &c.  These  modifica¬ 
tions  are  introduced  with  the  objett  of  increasing  the 
surface  available  for  absorption  of  nitrogen. 

Ludwig  Mond,  in  1882  (U.  S.  Pat.  269,302,  Dec.  ig, 
1882),  obtained  a  patent  for  manufacture  of  cyanides  and 
ammonia  by  calcining,  out  of  contadl  with  air,  a  mixture 
of  carbon,  barium  carbonate,  or  oxide,  and  magnesia,  pre¬ 
viously  compressed  into  blocks,  and  then  exposing  these 
heated  blocks  to  acurrent  of  nitrogen.  In  an  improvement 
he  first  heats  thenitrogenous  gas  by  passing  it  through  hot 
barium  salts,  and  then  passes  it  through  fresh  layers  of 
barium  salts  and  carbon  at  the  temperature  required  for 
forming  cyanogen  compounds. 

Fogarty  (U.  S.  Pat.  288,323  and  402,324,  Nov.  T3, 1883), 
in  1883,  took  took  out  two  patents  in  the  United  States 
for  production  of  cyanides  and  ammonia,  which  consisted 
essentially  in  dropping  a  mixture  of  powdered  carbon  and 
alkali  into  superheated  furnace  gases  or  superheated 
“  generator  gas  ”  (a  mixture  of  nitrogen,  hydrogen,  carbon 
monoxide,  and  steam),  whereby  cyanides  were  produced, 
which  were  subsequently  decomposed  by  steam,  yielding 
ammonia.  He  also  obtained  two  similar  patents  in  1887 
(U.  S.  Pat.  371,186,  and  371,187,  Odt.  n,  1887).  In 
one  of  these  processes  the  mixture  of  superheated  furnace 
gases  or  generator  gas  is  mixed  with  steam  in  excess, 
with  the  objeCt,  as  explained  by  the  author,  of  first  pro¬ 
ducing  cyanides  and  cyanates,  and  then,  in  the  same 
mixture,  decomposing  these  by  the  steam  present  to  pro¬ 
duce  ammonia. 

In  the  second  of  these  patents  both  air  and  steam  are 
in  excess.  Cyanides  are  supposed  to  be  produced,  and 
subsequently  decomposed  by  the  excess  of  steam  to  pro¬ 
duce  ammonia.  The  latter,  in  presence  of  carbonic  acid 
of  the  mixed  gases,  is  supposed  to  form  ammonium  car¬ 
bonate,  and  this  is  said  to  be  decomposed  by  gypsum, 
yielding  calcium  carbonate  and  ammonium  sulphate. 


*  Armegaud  and  Ertel  {ante)  both  advocated  the  use  of  moderate 
temperatures — cherry  red  — and  Margueritte  and  Sourdeval  showed 
that  baryta  in  presence  of  charcoal  absorbed  nitrogen  at  a  compara¬ 
tively  low  temperature,  and  that  a  light  red  or  even  a  lower  tem¬ 
perature  is  sufficient. 

+  This  was  suggested  by  L.  Thomson  in  1839.  It  would  naturally 
occur  to  any  one  familiar  with  the  old  prussiate  process,  but  the 
conditions  are  different  i  the  two  cases,  and  the  reason  for  using  it 
here  is  not  apparent.  The  carbide  of  iron  may  possibly  play  an 
intermediate  part  in  the  production  of  cyanogen,  such  as  Berthelot 
supposes  to  be  played  by  C„K2,  as  above  quoted. — B. 
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These  processes  have  been  tried  on  a  large  scale  experi¬ 
mentally,  but  are  not  as  yet  commercially  successful. 

J.  Young,  in  1884  (f sb .  chetn.  Tech.,  1887,  675), 
patented  a  process  for  cyanides  intended  to  meet  the 
difficulty  hitherto  encountered  in  the  rapid  destruction  of 
the  apparatus.  He  proposed  to  use  magnesian  lime¬ 
stone  or  other  suitable  basic  substance  for  constructing 
the  retorts. 

Siepermann  (Eng.  Pat.  No.  16,046,  Dec.  6,  1884),  1887, 
obtains  cyanates  by  passing  ammonia  over  a  mixture  of 
barium  carbonate  with  alkaline  carbonates.  For  cyanides 
he  adds  coal-powder  to  the  mixture.  He  gives  the  results 
of  experiments,  showing  the  effect  of  temperature  upon 
the  production  of  cyanides.  Excessively  high  tempera¬ 
tures  yielded  poorer  results  than  a  moderate  red  heat. 

Dickson,  in  1887  (U.  S.  Pat.  No.  370,768,  Oct.  4,  1887), 
patented  a  process  for  production  of  cyanides  and  am¬ 
monia  by  injection  of  a  mixture  of  air,  steam,  coal-dust, 
or  hydrocarbon  vapour,  and  powder  of  alkalies  or  alka¬ 
line  earths  into  a  chamber  heated  by  the  combustion  of 
the  injected,  finely  divided  fuel  alone.  His  method  also 
contemplates  the  maintaining  of  pressure  (one  to  three 
atmospheres)  in  the  furnace. 

(To  be  continued). 


CORRESPONDENCE. 


GLASER’S  '‘ALCOHOL  METHOD”  FOR 
DETERMINATION  OF  OXIDE  OF  IRON  AND 
ALUMINA  IN  PHOSPHATES. 

To  the  Editor  of  the  Chemical  News. 

Sir, — Your  correspondent,  “  A.I.C.  ”  (Chem.  News,  vol. 
lxii.,  p.  73),  will  find  that  by  adding  a  solution  oi 
ammonia,  in  excess,  before  commencing  the  evaporation 
of  the  alcohol,  and  again  a  slight  addition  after  the 
alcohol  has  been  expelled,  and  the  solution  then  boiled, 
the  difficulties  he  has  met  with  will  be  overcome.  The 
precipitate  of  phosphate  of  iron  and  alumina  will  now  be 
completely  separated,  and  without  difficulty,  through  a 
filter  connected  with  a  vacuum. 

Your  correspondent  writes  : — **  A  number  of  tuals  have 
convinced  me  of  the  superiority  of  the  ‘  alcohol  method  ’ 
as  compared  with  the  old  process  involving  the  use  of 
acetic  acid.”  He  is  quite  right ;  and  if  other  chemists  in 
this  country  also  came  to  this  conclusion,  the  remark 
that  “  no  two  English  chemists  ever  agree  in  their 
iron  and  alumina  returns  ”  would  probably  never  have 
recently  been  made  to  us  by  one  of  the  leading  supei- 
phosphate  manufacturers. 

The  advantage  of  the  “alcohol  method”  for  deter¬ 
mining  iron  and  alumina  in  phosphates  is,  that  it  enables 
this  estimation  to  be  correCtly  done  with  comparative 
simplicity  and  rapidity;  whereas  the  older  methods  only 
yield  correct  results  after  an  expenditure  of  time  and  care 
that  few  inorganic  determinations  require.  We  are,  See., 

E.  F.  Teschemacher  and  J.  Denham  Smith. 

1,  Aubert  Park,  Highbury,  N., 

London,  Aug.  11,  1890. 


OIL  GAS  LAMP. 


To  the  Editor  of  the  Chemical  News. 

Sir, — In  the  Chemical  News,  vol.  lxi.,  p.  244,  a  scheme 
is  described  for  manufacturing  gas  in  laboratories  not 
provided  with  a  supply  of  coal  gas.  The  writer  was  pro¬ 
bably  not  aware  that  an  excellent  and  compact  lamp  is 
sold  which  virtually  does  the  same  thing,  without,  how¬ 
ever,  the  charcoal  furnace  to  vaporise  the  liquid  fuel;  this 


Chemical  News, 
Aug.  15,  1890. 

being  done  by  an  ingenious  adaptation  of  the  gas  flame 
itself.  It  is  known  as  the"  Dangler  Lamp,”  and  is  made 
by  the  Dangler  Stove  and  Manufacturing  Company,  of 
Cleveland,  Ohio.  They  cost  about  £1,  and  being  only  7 
inches  in  diameter  and  18  inches  high,  go  conveniently 
on  the  laboratory  bench.  Having  no  gas  supply  at  hand, 
I  ordered  a  couple  when  establishing  this  laboratory,  and 
have  found  them  in  every  respeCt  superior  to  gas.  Fusions 


Dangler  Lamp. 


are  made  with  the  greatest  ease,  and  no  trouble  has  been 
experienced  in  igniting  calcium  oxalate  to  CaO,  or  mag¬ 
nesium  ammonium  phosphate  to  Mg2P207.  They  are 
started  in  a  few  minutes  and  require  scarcely  any  atten¬ 
tion,  and  as  there  is  no  foot  blower  to  attend  to,  one  can 
be  engaged  in  other  work  while  a  precipitate  is  being 
ignited.  Here  we  use  gasolene  (of  740  to  90°  flash)  as 
fuel,  but  if  that  could  not  be  obtained  1  do  net  doubt  that 
any  other  light  oil  would  answer  equally  well. 

They  can  be  purchased  from  Messrs.  Eimar  and 
Amend,  205,  Third  Avenue,  New  York,  but  I  do  not  know 
whether  any  English  houses  keep  them  ;  if  not,  it  would 
be  well  worth  their  while  to  do  so. — I  am,  &c., 

Bevington  H.  Gibbins. 

Ocala  Mining  Laboratory, 

Ocala,  Fla.,  July  23,  1890. 

p.s. — I  may  add  that  I  am  in  no  way  interested  in  the 
sale  of  these  lamps,  only  being  anxious  that  other 
chemists  may  know  of  this  exceedingly  useful  laboratory 
arrangement,  and  friends  to  whom  I  have  mentioned  it 
in  England  suggested  my  writing  to  the  Chemical  News 
on  the  subjeCL — B.  H.  G. 


CHEMICAL  NOTICES  FROM  FOREIGN 
SOURCES. 


Note. — All  degrees  of  temperature  are  Centigrade  unless  otherwise 
expressed. 

Comptes  Rendus  Hebdomadaires  des  Seances,  de’Academie 
des  Sciences.  Vol.  cxi.,  No.  4,  July  28,  1890. 

The  Typical  Hydrate  of  Neutral  Aluminium  Sul¬ 
phate.— P.  Marguerite-Delacharlonny. — The  author  has 
analysed  a  natural  aluminium  sulphate  from  Bolivia, 
partly  crystalline  and  partly  amorphous.  The  former 
portion  answers  to  the  formula  A12033S03i6H0,  whilst 
the  amorphous  incrustation  contains  subsulphates  derived 
from  the  decomposition  of  a  neutral  sulphate.  The 
formula  A12033  S03i8H0  does  not  correspond  to  any 
definite  1  eal  body, 
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Rotatory  Power  of  Camphor  Dissolved  in  Various 
Oils. — P.  Chabot.  —  The  molecular  rotatory  power  of 
camphor  varies  very  little,  dilution  in  the  camphorated 
oils  increasing  as  the  dilation  is  greater.  This  is  con¬ 
trary  to  what  has  been  observed  in  the  other  solutions  of 
camphor. 

On  the  Lithium  Malonates. — G.  Massol. — A  thermo¬ 
chemical  paper,  treating  of  the  neutralisation  heats  of 
the  acid  and  neutral  lithium  malonates. 

On  Silver  Malonates. —  G.  Massol. — This  salt, 
C6H308Ag3,  is  obtained  by  the  double  decomposition  of 
potassium  malonate  and  silver  nitrate.  It  is  a  white  or 
faintly  yellowish  power  formed  of  fine  microscopic 
needles  which  blacken  on  exposure  to  light.  When  dried 
in  the  open  air,  but  in  the  dark,  it  yields  67-11  per  cent 
metallic  silver.  If  heated  it  blackens  slightly,  takes  fire, 
and  burns  with  brisk  deflagration,  leaving  a  residue  of 
metallic  silver.  It  is  slightly  soluble  in  water;  at  20° 
x  equiv.  dissolves  in  559  litres  of  distilled  water,  absorbing 
—  g-8  cals.  The  formation  of  this  salt  by  double  decom¬ 
position  is  accompanied  with  a  liberation  of  heat. 

Researches  on  Dispersion  in  Organic  Compounds 
(Fatty  Acids).  —  Ph.  Barbier  and  L.  Roux.  —  The 
authors  present  the  results  of  their  studies  on  the  dis¬ 
persion  of  the  fatty  acids.  They  have  examined  from 
this  point  of  view  the  normal  homologous  acid  from  the 
formic  to  the  pelargonic  acids,  besides  two  abnormal 
acids,  the  isobutyric  and  the  isovaleric.  The  dispersive 
powers  of  the  normal  fatty  acids  increase  with  their 
molecular  complication.  Formic  acid  alone  presents  an 
irregularity,  which  disappears  if,  instead  of  the  dispersive 

powers,  B,  we  consider  the  specific  dispersive  powers  — , 

The  specific  dispersive  powers  of  the  isomeric  compounds 
are  almost  identical,  those  of  the  non-normal  acids 
being  slightly  inferior  to  those  of  the  normal  acids.  The 
differences  between  the  successive  values  of  the  mole- 
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cular  specific  dispersive  powers  —M  are  approximately 

constant,  and  about  equal  to  7-8,  which  permits  us  to 
represent  the  variation  of  the  specific  dispersive  power  as 
a  function  of  the  molecular  weight  by  a  relation  of  the 
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form  (  —  -  b)  M  =  a,  in  which  we  have  a  =  —  11-515, 

Cl 

b  =  0-5625. 

Presence  of  Furfurol  in  Commercial  Alcohols. — 
L.  Lindet. — All  commercial  alcohols  are  not  accom¬ 
panied  by  furfurol,  which  is  a  mere  accidental  impurity, 
and  should  be  struck  out  from  the  list  of  the  produds  of 
normal  fermentation. 

Contributions  to  the  Study  of  Artificial  Musk. — 
Albert  Bauer. — The  artificial  musk  is  a  trinitrobutyl- 
toluene.  It  crystallises  in  fine  white  needles,  fusible  at 
96 — 970,  insoluble  in  water,  but  soluble  in  alcohol  and 
ether.  Its  solutions  have  powerful  odour  of  musk,  and 
may  be  substituted  for  natural  musk  in  many  of  its  applica¬ 
tions  in  perfumery.  It  is  evidently  distind  from  natural 
musk,  which  is  a  resin  not  containing  nitrogen.  Artificial 
musk  is  not  poisonous,  as  the  author  has  ascertained  by 
experiments  on  rabbits.  The  homologues  of  isobutyl- 
toluene  behave  like  the  latter,  and  yield  trinitro- 
derivatives  of  a  strong  musky  odour. 

Revue  Generate  des  Sciences  Pares  et  Appliques. 

Vol.  i.,  No.  13,  July  15,  1890. 

The  Rare  Earths. — E.  Demarqay. — In  this  paper  the 
author  seeks  to  present  a  summary  of  our  present 
knowledge  of  the  rare  earths  rather  than  to  bring 
forward  any  new  fads  or  to  present  any  novel 
conclusions.  He  admits  that  the  “  radiant  matter 
test  ”  of  Mr.  Crookes  is  far  more  sensitive  than  the 
“  reversion  process  ”  of  M.  de  Boisbaudran.  He  considers 
that  the  red  phosphorescence  of  aluminium  is  due  to 


traces  of  chrome,  and  that  the  phosphorescence  of  yttria 
is  in  like  manner  occasioned  by  traces  of  foreign  matter 
rather  than  to  its  consisting  of  a  number  of  distind  ele¬ 
ments.  He  contests  the  hypothesis  of  meta-elements, 
and  concludes  that  in  the  group  of  rare  earths  we  have 
to  do  not  with  exceptional  bodies,  but  with  bodies  which 
our  ordinary  methods  are  unable  to  separate.  He  refers 
to  the  observation  of  Bunsen  and  Becquerel,  that  salts 
present  variable  absorptions  according  to  the  diredions 
taken  by  the  luminous  rays  in  a  crystal.  M.  Becquerel 
thinks  that  in  (old)  didymium  the  groups  of  bands  cha- 
raderise  as  many  different  elements.  Hence  there  would 
be  in  (old)  didymium  about  10  elements,  4  of  which 
would  form  components  of  praseodymium.  The  same 
savant  has  shown  that  when  we  examine  a  series  of 
didymium  compounds  the  bands  of  one  and  the  same 
group  are  displaced  by  the  same  quantity  in  passing  from 
one  salt  to  another  (A  — A'  =  Ai  —  AT  =  A2  —  A'2  =  &c.),  a 
quantity  which  varies  from  group  to  group  for  the  same 
combinations.  M.  Demargay  thinks  that  for  the  present 
any  conclusion  is  premature.  He  declares  that  con¬ 
cerning  gadolinium  Mr.  Crookes  has  brought  forward  a 
“  series  of  contradidory  opinions.”  Concerning  dys¬ 
prosium,  Mr.  Crookes  is  of  opinion  that  this  element 
contains  at  least  another.  Lecoq  de  Boisbaudran  informs 
M.  Demargay  that  he  shares  this  opinion,  and  that  he 
reslrids  the  name  dysprosium  to  an  element  charader- 
ised  by  the  band  A  —  47-5.  The  researches  of  HH.  Kriiss 
and  Nilson  are  unfavourably  criticised.  Mr.  Crookes 
declares  that  he  has  obtained  results  contradidory  of 
those  of  these  savants ,  and  M.  Demarc  ry  confirms  abso¬ 
lutely  the  results  of  Mr.  Crookes.  The  author  says  groups 
of  rare  earths  seems  likely  to  be  the  means  of  an  important 
progress  in  our  classification  of  the  simple  bodies.  Of 
all  those  hitherto  attempted  there  is  nothing  sound  except 
perhaps  the  linear  series  of  Newlands,  which  may  be 
regarded  as  a  first  approximation. 


Bulletin  de  la  Societe  d’ Encouragement  pour  I'Industrie 
Rationale.  Series  4,  Vol.  v.,  No.  54. 

Falsification  of  Commercial  Olein  with  Linoleic 
Acid. —  MM.  Grandval  and  Valser. —  The  use  of  oleic 
acid,  known  commercially  as  olein,  has  been  extended  of 
late  years  both  in  soap-making  and  in  the  woollen  trade 
for  oiling  wools  before  spinning.  A  certain  number  of 
spinners  prefer  it  to  olive  oil  both  on  account  of  its  lower 
price  and  because  it  can  be  afterwards  removed  by  means 
of  soda-ash,  whilst  olive  oil  requires  the  application  of 
soap.  Latterly  the  use  of  oleic  acid  has  occasioned  much 
inconvenience.  White  cloths  woven  from  yarns  thus 
greased  present  stripes  of  an  indelible  yellow  colour, 
which  neither  scouring  nor  bleaching  with  sulphur  can 
remove,  and  which  show  very  distindly  if  the  cloth  is 
dyed  with  a  light  colour.  On  examining  the  “  oleins  ” 
which  have  caused  this  mischief,  they  are  found  to  con¬ 
tain  a  large  proportion  of  linoleic  acid.  For  some  years 
the  more  liquid  portion  of  recent  animal  fats  has  been 
melted  out  at  a  gentle  heat  and  sold  for  the  manufacture 
of  margarine,  whilst  the  more  solid  parts  have  been 
sold  to  candle-makers,  but  they  have  been  found  difficult 
to  manipulate  and  purify.  Hence  linseed  oil  has  been 
added  to  the  hard  animal  fats,  and  the  oleic  acid  which 
is  expressed  from  the  mixture  contains  linoleic  acid, 
which  is  much  more  siccative  and  liable  to  oxidation.  If 
such  oleic  acid  is  used  for  greasing  wool,  then,  if  the 
yarns  are  woven  immediately  after  spinning,  no  incon¬ 
venience  seems  to  arise,  but  if  the  yarn  is  left  for  some 
!  weeks  exposed  to  air  and  light  without  being  woven  it 
turns  strongly  yellow,  especially  on  the  outer  parts  of 
the  folds.  For  the  detection  of  the  falsified  oleic  acid 
the  following  characters  will  suffice  : — It  is  of  a  yellowish 
brown,  paler  than  that  of  commercial  oleic  acid.  Its 
sp.  gr.  is  higher,  varying  from  0-912  to  0919,  whilst 
that  of  genuine  oleic  acid  does  not  exceed  0-905.  The 
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liquid  is  more  consistent,  and  is  not  homogeneous,  but 
clotty.  If  falsified  oleic  acid  is  heated  to  50°  it  takes, 
when  cold,  a  firmer  condition,  which  becomes  more 
decided  each  time  the  operation  is  increased.  If  we  take 
50  grms.  of  the  suspefled  sample  and  add  450  c.c.  of 
alcohol  at  85°  there  is  produced  on  shaking  a  mirror-like 
precipitate,  whilst  ordinary  oleic  acid  dissolves  com¬ 
pletely.  If  mineral  oil,  resin,  or  paraffin  is  mixed  with 
the  oleic  acid  there  is  also  formed  a  deposit  insoluble  in 
alcohol.  If  a  thin  layer  of  the  fraudulent  oleic  acid  is 
placed  upon  a  slip  of  lead,  scraped  quite  clean,  and  some 
pure  oleic  acid  is  put  upon  a  similar  slip  of  lead  for 
comparison,  the  next  day  the  impure  acid  will  be  more 
or  less  resinified,  whilst  the  pure  acid  will  be  scarcely 
altered.  If  some  drops  of  falsified  oleic  acid  are  mixed 
with  an  equal  vol.  of  soda-lye,  an  intense  yellow  colour 
is  produced  ;  pure  oleic  acid,  if  similarly  treated,  merely 
takes  a  greyish  tint. 


Ciown,  price  6r.  6 d., 

PRINCIPLES  OF 

GENERAL  ORGANIC  CHEMISTRY. 

By  PROFESSOR  E.  HJELT, 

of  Helsingfors. 

Translated  from  the  German  by  J.  BISHOP  TINGLE, 
Ph.D.,  Assistant  in  the  Laboratory  of  the  Heriot 
Watt  College,  Edinburgh. 


In  this  work  the  fundamental  theories  ot  organic  chemistry  are 
presented  in  a  clear  and  concise  form,  and  their  application  is  fully 
illustrated  by  examples.  The  relations  between  the  constitution  of 
compounds  and  their  chemical  and  physical  properties  are  promi¬ 
nently  exhibited.  A  considerable  number  of  general  readtions  are 
discussed  and  explained  ;  in  all  cases  these  are  classified  according 
to  the  results  ;  for  instance,  readtions  involving  oxidation  are  grouped 
together,  and  examples  are  given  of  the  effects  of  oxidation  on  different 
classes  of  compounds  :  a  lucid  account  is  also  given  of  the  special 
application  of  particular  oxidising  agents. 


London:  LONGMANS,  GREEN,  AND  CO. 


CITY  AND  GUILDS  OF  LONDON  INSTITUTE. 

TECHNICAL  COLLEGE,  FINSBURY. 


Principal — Professor  S.  P.  THOMPSON,  D.Sc. 

DAY  DEPARTMENT  for  Students  not  under  fourteen  years  of 
age  will  commence  on  Tuesday,  Odtober  7,  1890.  Fee  £15  per 
annum. 

The  Course  of  Instrudtion  in  the  CHEMICAL  DEPARTMENT 
under  Prof.  R.  MELDOLA,  F.R.S.,  extending  over  three  years, 
provides  thorough  and  pradtical  training  for  young  men  entering 
the  profession.  Chemical  Laboratories,  specially  organised  for 
instrudtion  in  Technical  Manufacturing  Processes,  Gas  Analysis, 
Preparation  of  Dye-stuffs,  See.  All  chemical  students  also  attend 
Courses  of  Instrudtion  in  Mechanical  Laboratory,  Eledtrical 
Laboratory,  Engineering  Workshop,  and  in  Mathematics. 

Entrance  Examination  to  fill  vacancies  will  take  place  on 
Tuesday,  September  30,  at  10  o’clock  a.m. 

Fur  Particulars  of  Examination,  Scholarships,  and  Programmes  of 
Instrudtion  apply  at  the  Technical  College,  Leonard  Street,  City 
Road,  E.C.,  or  at  the  offices  of  the  Institute. 

JOHN  WATNEY,  Hon.  Secretary. 

City  and  Guilds  of  London  Institute, 

Gresham  College,  E.C. 


Extension  of  Time. 

COUNTY  BOROUGH  OF  SALFORD. 

(GAS  DEPARTMENT). 

SPENT  OXIDE. 

The  Gas  Committee  invite  Tenders  for  the 

purchase  of  about  850  tons  of  SPENT  OXIDE.  Further  par¬ 
ticulars  and  Forms  of  Tender  may  be  obtained  from  the  Gas  Engineer, 
Gas  Offices,  Bloom  Street,  Salford.  Staled  Tenders,  endorsed 
“  Spent  Oxide,"  to  be  sent  to  me  not  later  than  5  p.m.  on  Thursday, 
the  21st  of  August  next. 

By  order, 

SAML.  BROWN,  Town  Clerk. 

Town  Hall,  Salford, 

August  7th,  1890. 

Extension  of  Time. 

COUNTY  BOROUGH  OF  SALFORD. 

(GAS  DEPARTMENT). 

OXIDE  OF  IRON. 


Gphe  Gas  Committee  are  prepared  to  receive 

-I  Tenders  for  the  supply  of  500  tons  of  OXIDE  OF  IRON  for 
purifying  the  gas  at  their  Works.  Forms  of  Tender  and  further  par¬ 
ticulars  may  be  obtained  on  application  to  the  Gas  Engineer,  Gas 
Offices,  Bloom  Street,  Salford.  Sealed  Tenders,  endorsed  “  Oxide 
of  Iron,”  to  be  sent  to  me  not  later  than  5  p  m.  on  Thursday,  the  21st 
of  August  next. 

By  order, 

SAML.  BROWN,  Town  Clerk. 


Town  Hall,  Salford, 
August  7th,  1890. 


npHE  LONDON  HOSPITAL  MEDICAL 

L  COLLEGE.— The  WINTER  SESSION  will  commence  on 


Wednesday,  Odtober  1st. 

The  Hospital,  which  is  the  largest  general  hospital  in  the  kingdom, 
contains  nearly  800  beds,  all  in  constant  use.  There  are  wards  for 
accidents,  surgical  ar.d  medical  cases,  diseases  of  women  and 
children,  and  ophthalmic  cases.  Special  departments  for  diseases  of 
the  eye,  ear,  throat,  skin  and  teeth,  and  for  cancer,  tumours,  diseases 
of  the  bladder,  piles  and  fistula.  Number  of  in-patients  last  year, 
9105  ;  out-patients,  109,839;  accidents,  11,400. 

Surgical  operations  daily. 

APPOINTMENTS.  —  Resident  accoucheur,  house  physicians, 
house  surgeons,  &c.  Forty  of  these  appointments  are  made  annually. 
Numerous  dressers,  clinical  clerks,  post-mortem  clerks,  and  maternity 
assistants  are  appointed  every  three  months.  All  appointments  are 
free.  Holders  of  resident  appointments  are  also  provided  free  board. 

Two  Entrance  Science  Scholarships,  value  £7 5  and  £50,  and  two 
Buxton  Scholarships,  value  £30  and  £20,  will  be  offered  for  competi¬ 
tion  at  the  end  of  September  to  new  Students.  Sixteen  other  Scholar¬ 
ships  and  prizes  are  given  annually. 

The  London  Hospital  is  now  in  diredt  communication  with  all 
parts  of  the  metropolis.  The  Metropolitan,  District,  and  other  rail¬ 
ways  have  stations  within  a  minute’s  walk  of  the  Hospital  and 
College. 

For  further  information  apply,  personally  or  by  letter,  to — 

MUNRO  SCOTT,  Warden 


Mile  End,  E. 


CT.  PAUL’S  SCHOOL. — An  Examination 

'-D  for  filling  up  about  Fifteen  Vacancies  on  the  Foundation  will 
be  held  on  the  10th  September  next.— For  information  apply  to  the 
Bursar,  St.  Paul’s  School,  West  Kensington. 

Just  Published.  Post  free  for  Two  Stamps. 


W  WESLEY  &  SON’S  Natural  History 

*  '  •  and  Scientific  Book  Circular  (No.  102). 

GEOLOGY,  MINING. 

ASTRONOMY,  MATHEMATICS. 
CHEMISTRY,  ELECTRICITY,  &c. 


rA WEN’S  COLLEGE,  VICTORIA  UNI- 

VERSITY,  MANCHESTER. 


CHEMISTRY  COURSE. 

Full  particulars  of  this  Course,  qualifying  for  the  Vidtoria  Uni¬ 
versity  Degrees  in  Chemistry  and  the  College  Certificate  in  Applied 
Chemistry,  will  be  forwarded  on  application. 

The  Session  begins  Odtober  7. 

H.  V/.  HOLDER,  M.A.,  Registrar. 


TTOR  SALE.  —  The  Chemical  Gazette. 

Complete  Set  (unbound  and  uncut),  17  volumes;  from  Novem¬ 
ber,  1842,  to  December,  1859. — Address,  “  Publisher,”  Clf’MlCAi 
News  Office,  Boy  Court,  Ludgate  Hill,  London,  E.C. 


Centaining  Valuable  and  Important  Works  from  the  Dr. 
John  Percy’s  Library. 

W.  Wesley  &  Son,  28,  Essex  Street,  Strand,  London. 

CHARCOAL. 

LUMP,  FILTERING,  POWDERED.-  &c, 

ACETATE  OF  LIME.  WOOD  TAR. 
WOOD  NAPHTHA  (Solvent  and  Miscible). 

LAMPBLACK,  FOUNDER’S  BLACKING,  PLUMBAGO,  &C 

LYDBROOK  CHEMICAL^.,  143,  CANNON  STREET,  E.C. 


‘“‘S’l  New  Method  and  Department  of  Chemical  Research 


THE  .'CHEMICAL  NEWS. 

Vol.  LXII.  No.  1604. 


A  NEW  METHOD  AND  DEPARTMENT  OF 
CHEMICAL  RESEARCH. 

By  Dr.  G.  GORE,  F.R.S. 

In  the  Philosophical  Magazine  of  May  last  the  author  has 
published  an  account  of  an  experimental  research  under 
the  above  title  in  which  he  has  shown  that  some  of  the 
chief  physical  and  chemical  properties  of  substances  may 
be  to  a  large  extent  represented  by  means  of  geometrical 
curves. 

The  method  employed  in  this  research  was  to  take  a 
small  glass  vessel  containing  155  grains  of  distilled  water 
at  atmospheric  temperature,  immerse  in  the  water  a 
voltaic  pair  composed  of  an  unamalgamated  zinc  wire 
and  sheet  of  platinum,  connedt  the  couple  in  series  in  the 
same  circuit  with  a  suitable  galvanometer  and  thermo- 
eledtric  pile,  and  measure  by  the  method  of  balance  the 
eledtromotive  force  of  the  combination.  A  small  but 
known  weight  of  a  given  halogen,  acid,  or  salt  was  then 
dissolved  in  the  water,  and  the  eledtromotive  force  again 
measured  ;  a  second  quantity  of  stronger  solution  was 
then  taken,  and  a  second  measurement  made;  and  so  on 
until  the  degrees  of  eledtromotive  force  of  about  twenty 
different  strengths  of  solution  had  been  obtained.  The 
results  were  then  plotted  on  equally  divided  scales,  with 
the  eledtromotive  forces  as  ordinates  to  the  quantities  of 
substance  as  abscissae,  and  a  curve  of  the  degrees  of 
eledtromotive  force  for  equal  variations  of  strength  of 
solution  was  thus  obtained.  The  eledtromotive  force  ob¬ 
tained  with  water  was  =  i’i27  volts,  and  the  curve 
graphically  given  of  each  substance  in  the  above  publica¬ 
tion,  except  in  one  instance,  commences  at  that  number. 
Curves  of  eledtromotive  force  were  also  obtained  by 
several  other  methods,  viz.,  b,  by  varying  the  strength  of 
the  solution  at  one  metal  only  ;  c,  by  varying  the  tempera¬ 
ture  of  the  solution  at  both  metals ;  and  d,  by  varying  the 
temperature  at  one  metal  only. 

The  thermo  eledtric  pile  employed  was  one  formed  of 
about  300  pairs  of  iron  and  german  silver  wires  (see  Proc. 
Birin.  Phil.  Soc.,  vol.  iv.,  p.  130;  The  Electrician,  1884, 
vol.  xii.,  p.  414),  and  the  galvanometer  was  an  ordinary 
astatic  torsion  one  of  100  ohms  resistance. 

In  consequence  of  the  following  circumstances,  very 
little  error  or  inconvenience  was  caused  by  polarisation  : — 
1.  All  the  measurements  were  made  at  the  null  point 
when  no  perceptible  current  was  passing  ;  2.  By  experi¬ 
ence  in  woiking,  the  null  point  could  be  almost  instantly 
attained;  3.  The  metals  were  immersed  only  a  very  short 
period  of  time  ;  4.  The  zinc  was  cleaned  each  time  before 
immersion  ;  5.  The  platinum  was  washed  each  time,  and 
heated  to  redness  occasionally  ;  6.  To  test  whether  the 
couple  remained  unchanged  it  was  occasionally  balanced 
in  distilled  water  by  a  similar  one  in  difilled  water. 

Suitable  strengths  of  solution  were  employed  ;  the  range 
of  strength  varied  according  to  the  degree  of  chemical 
and  voltaic  energy  of  the  substances,  and  the  strength 
was  smaller  in  proportion  as  the  substance  was  more 
energetic.  The  accompanying  table  gives  the  ranges  of 
strength  used  with  the  different  substances  ;  in  each  case 
in  sedtion  “  a  ”  the  quantity  of  water  employed  was  155 
grains. 

The  curves  obtained  with  chlorine,  bromine,  and  iodine 
show  : — x.  An  increase  generally  of  eledtromotive  force 
attending  increased  strength  of  solution.  2.  A  much 
greater  increase  caused  by  the  first  amount  of  substance 
added  than  by  the  subsequent  additions.  3.  A  gradation 
pf  degree,  bpth  of  first  increase  and  of  maximum  eledtro- 
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a.  Strength  of  solution  varied  at  both  metals  : — 


Grains  of  substance. 


Cl,  Br.  and  I . 

O’OOI  to  0*01 

HC1,  HBr,  HI  [weak)  ..  .. 

O’OOI 

O’OI 

HN03,  H2S04  (weak)  .. 

O’OOI 

O’OI 

H2S04,  at  6o°  C . 

O’OOI 

O’OI 

HCI,  HBr,  HI  ( strong )  . 

O’l 

I’O 

HCl.with  Cd  aspositive metal 

O’l 

I’O 

KC1,  KBr,  KI . 

O’l 

I’O 

KBr,  at  60°  C . 

O’l 

I’O 

NaCl,  NaBr,  Nal . 

O’l 

I’O 

KCIO3,  KBr03,  KI03  ..  .. 

07 

17 

K2S04,  Na2S04 . 

O’l 

I’O 

KC1  +  KI,  KCl  +  NaCl  ..  .. 

O’l 

I’O 

Isomeric  solutions . 

O’OI 

11 

O’l 

In  each  of  the  sedtions  “  b  ”  and  “  c  ”  the  quantity  of 
water  employed  was  465  grains. 

b.  Strength  of  solution  varied  at  one  metal  only: — 

KBr,  NaCl,  KC1 . o’l  grain. 

c.  Temperature  of  solution  varied  at  both  metals: — 

HC1,  from  xo°  to  ioo°  C.  ..  0^03  grain. 

d.  Temperature  of  solution  varied  at  one  metal  only: — 


Cold  Zn  and  hot  Pt  from  170 

to  ioo°  C . 3g  grains  of  KC1. 

Cold  Pt  and  hot  Zn  from  15° 

to  ioo°  C . 39  „  „ 


motive  force  in  the  three  curves,  varying  inversely  as  the 
magnitudes  of  the  atomic  weights  of  the  substances.  4. 
A  general  similarity  of  form,  sufficient  to  show  a  graduated 
degree  of  likeness.  5.  A  sufficient  degree  of  difference  of 
form  to  charadterise  each  individual  substance. 

Those  given  by  the  weak  solutions  of  hydrochloric, 
hydrobromic,  and  hydriodic  acid  show  :— 1.  That  the 
union  of  hydrogen  with  the  halogens  greatly  diminished 
the  eledtromotive  force.  2.  A  feeble  increase  of  eledtro¬ 
motive  force,  greatest  at  the  commencement,  especially 
with  hydrochloric  and  hydrobromic  acids,  attending  in¬ 
creased  strength  of  the  solution,  3.  A  less  degree  of 
family  likeness  than  in  the  curves  of  the  halogens.  4. 
The  substance  of  largest  molecular  weight  gave  the 
smallest  increase  of  eledtromotive  force.  5.  Each  sub¬ 
stance  gave  a  characteristic  curve.  The  solutions  were 
too  weak  to  fully  develope  the  characteristic  forms  of  the 
curves. 

The  curves  given  by  weak  solutions  of  nitric  and  sul¬ 
phuric  acid  are  : — 1.  Very  different  from  those  of  the 
halogens,  and  show  very  much  smaller  degrees  of  electro¬ 
motive  force.  2.  Their  differences  from  those  of  hydro¬ 
chloric,  hydrobromic,  and  hydriodic  acid  of  the  same 
range  of  strength  are  also  quite  conspicuous.  3.  They 
are  sufficiently  unlike  to  be  charadteiistie  of  each  sub¬ 
stance  and  to  be  clearly  distinguishable  from  each  other. 
The  solutions  were,  however,  too  dilute  to  fully  show  the 
characteristic  forms. 

By  comparing  the  curve  given  by  dilute  sulphuric  acid 
at  60°  C.  with  that  given  by  the  same  range  of  strengths 
of  the  solution  at  14°  C.,  we  find  that  a  rise  of  tempera¬ 
ture  caused  a  general  increase  of  eledtromotive  force, 
greatest  at  the  commencement,  and  quite  sufficient  to 
distinguish  the  one  curve  from  the  other.  The  difference 
would  probably  be  much  greater  with  stronger  solutions, 
as  was  subsequently  found  with  solutions  of  potassium 
bromide  at  18°  C.  and  60°  C. 

The  curves  given  by  the  strong  solutions  of  hydrochloric, 
hydrobromic,  and  hydriodic  acids  show: — 1.  A  general 
increase  of  eledtromotive  force  attending  gradually  in¬ 
creased  strength  of  liquids.  2.  A  much  larger  increase 
produced  by  the  first  amount  of  substance  added  than  by 
the  succeeding  ones.  3.  A  gradation  of  degree  of  general 
increase  of  such  force  varying  inversely  as  the  magnitudes 
of  the  molecular  weights  of  the  substances.  4.  A  family 
likeness  of  the  curves  with  sufficient  difference  of  form  to 
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characterise  each  individual  substance.  By  comparing 
these  curves  with  those  obtained  with  the  solutions  of 
one-hundredth  the  degree  of  strength,  we  find  with  the 
stronger  solutions  : — i.  A  much  greater  increase  of 
electromotive  force,  both  on  the  addition  of  the  first 
amount  of  the  substances  and  by  the  subsequent  additions. 

2.  A  more  distinct  relation  of  those  increases  to  the 
magnitudes  of  the  molecular  weights  of  the  substances. 

3.  Much  more  characteristic  curves.  4.  A  much  greater 
irregularity  of  form;  this  greater  irregularity  of  form  was 
a  genuine  effect. 

By  comparing  the  curve  obtained  with  cadmium  as  a 
positive  metal  with  that  obtained  with  zinc  in  the  same 
series  of  solutions  of  hydrochloric  acid,  we  find  : — 1. 
Quite  a  different  form  of  curve.  2.  A  smaller  increase  of 
electromotive  force  on  adding  the  first  portion  of  acid. 
3.  A  general  decrease  of  that  force  by  the  further  addition 
of  acid.  4.  A  curve  characteristic  of  the  metal  and  acid. 

The  curves  obtained  with  zinc  in  solutions  of  chloride, 
bromide,  and  iodide  of  potassium  show  :  —  1.  A  much 
greater  increase  of  electromotive  force  caused  by  the 
first  amount  of  substance  added  than  by  the  subsequent 
ones.  2.  A  gradation  of  degree  of  first  increase  and  of 
maximum  electromotive  force,  varying  inversely  as  the 
magnitudes  of  molecular  weight  of  the  substances.  3. 
Large  differences  of  form,  characteristic  of  each  individual 
substance.  4.  The  substitution  of  potassium  for  hydrogen 
in  the  corresponding  acids  lowered  the  electromotive 
force  in  all  three  cases,  and  the  amount  of  this  reduction 
varied  inversely  as  the  magnitudes  of  the  molecular 
weights  of  the  substances  ;  the  union  of  potassium  with 
the  halogens  had  similar  effects,  but  in  much  greater 
degree. 

By  comparing  the  curves  given  by  the  same  series  of 
solutions  of  potassium  bromide  at  iS1  C.  and  6o°  C.,  we 
find  considerable  differences  : — x.  A  greater  unlikeness  of 
general  form.  2.  A  general  and  large  diminution  of 
electromotive  force  at  the  higher  ttmperatures.  3.  A 
much  smaller  increase  of  that  force  on  the  addition  of  the 
first  portion  of  the  substance.  The,  results  support  the 
conclusion  that  potassium  bromide  behaves  to  a  certain 
extent  like  a  different  substance  at  such  different 
temperature. 

The  curves  obtained  with  chloride,  bromide,  and  iodide 
of  sodium  show:  — 1,  A  general  increase  of  electromotive 
force  by  increase  of  dissolved  substance.  2.  A  great 
difference  of  form,  and  a  strongly  characteristic  curve  in 
each  case.  3.  The  substitution  of  sodium  for  potas¬ 
sium  in  each  salt  considerably  diminished  the  degree  of 
electromotive  force  produced  by  the  first  addition  of  the 
substance,  and  the  amount  of  this  reduction  varied  in¬ 
versely  as  the  molecular  weights  of  the  salts.  The  curves 
are  widely  different  in  form  from  those  of  the  correspond¬ 
ing  salts  of  potassium,  and  this  is,  no  doubt,  due  to  the 
difference  of  metallic  base  ;  in  each  group,  however,  the 
curve  of  the  chloride  intersects  that  of  the  bromide. 

The  curves  yielded  by  the  chlorate,  bromate,  and  iodate 
of  potassium  were  very  feeble,  and  very  different  from 
those  given  by  the  chloride,  bromide,  and  iodide,  and 
show  x.  A  striking  similarity  of  general  form,  probably 
due  in  a  large  degree  to  the  general  feebleness  of  the  aCtion 
as  well  as  to  analogy  of  chemical  composition.  2.  A 
very  small  increase  of  electromotive  force  in  each  case  on 
adding  the  first  portion  of  substance,  and  on  subsequent 
additions,  and  the  amounts  of  these  increases  varied 
directly  as  the  magnitudes  of  the  molecular  weights  of 
the  salts.  3.  A  sufficient  degree  of  difference  to  charac¬ 
terise  each  substance.  4.  The  chemical  union  of 
oxygen  with  the  three  corresponding  halogen  salts  to 
form  these  compounds,  greatly  reduced  the  electromotive 
force  in  each  case.  Increased  complexity  of  composition 
was  attended  by  decreased  voltaic  energy  (see  “  Loss  of 
Voltaic  Energy  of  Electrolytes  by  Chemical  Union  ”  ( Proc . 
Birm.  Phil.  Soc.,  vi.,  p.  225  ;  Chemical  News,  1889,  lix. , 
p.  183) :  this  is  a  general  result. 

The  curves  yielded  by  the  solutions  of  sulphate  of  po- 
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tassium  and  sulphate  of  sodium  were  much  alike,  due  to 
their  being  those  of  closely  allied  salts  of  the  same  acid  ; 
but  were  also  different  in  consequence  of  difference  of 
their  metallic  bases.  They  are  each  considerably  unlike 
those  of  the  halogen  salts  of  the  same  metals. 

Comparisons  of  the  curves  obtained  with  solutions  of 
mixtures  of  equivalent  weights  of  KC1  +  KI  and  of 
KCl  +  NaCl  showed  : — 

1.  That  each  curve  was  strikingly  unlike  in  general 
form  each  of  those  of  the  constituent  salts  of  the 
mixtures,  and  the  form  is  not  in  either  case  an  average  of 
that  of  the  two. 

2.  Each  of  them  shows  a  great  reduction  of  electro¬ 
motive  force,  due  to  the  chemical  union  of  the  two  dis¬ 
solved  salts  ( Ibid ;  also  “Examples  of  Solution  Com¬ 
pounds,”  Proc.  Birm.  Phil.  Soc.,  vii.,  p.  33;  Chemical 
News,  lxi.,  p.  172;  Proc.  Roy.  Soc.,  xlv.,  p.  265). 

3.  In  each  case  an  increase  of  strength  of  solution  is 
attended  by  an  increase  of  electromotive  force. 

4.  The  two  curves  are  each  characteristic  of  the  par¬ 
ticular  dissolved  “  solution  compound.” 

The  relative  amounts  of  voltaic  energy,  as  tested  by 
the  “  voltaic  balance,”  separately  before  chemical  union, 
were  KCl  =  6g9,8o3,  NaCl  =  207,58g,  and  KI  =  i6,36i  ;  and 
after  the  union  those  of  the  compounds  were  KC1  +  KI  = 
7,571  and  KCl  +  NaCl  =  5,g59  (see  “Relative  Amounts  of 
Voltaic  Energy  of  Aqueous  Solutions,”  Proc.  Roy.  Soc., 
xlv.,  p.  442  ;  Proc.  Birm.  Phil.  Soc.,  vii.,  p.  42). 

In  a  research  “  On  the  Molecular  Constitution  of  Iso¬ 
meric  Solutions  ”  (Phil.  Mag.,  OCt.,  1889,  p.  289)  the 
author  has  shown  that  aqueous  isomeric  electrolytes 
yield  different  amounts  of  voltaic  energy  with  a  zinc- 
platinum  couple.  In  the  present  case  was  employed 
an  unstable  solution  “  A,”  having  a  composition 
represented  by  the  formula  Na2S04  +  2HNO3,  and 
yielding  by  the  “  voltaic  balance  ”  method,  an  average 
voltaic  energy  of  77,446;  and  its  stable  isomer,  “  B,” 
represented  by  2NaN03  +  H2S04,  and  yielding  32,722. 
The  curves  given  by  the  two  series  of  strengths  of  these 
mixtures  were  largely  different  in  form  ;  they  showed  the 
considerable  differences  of  molecular  and  chemical  consti¬ 
tution  of  the  two  liquids,  and  enabled  the  two  mixtures 
to  be  readily  distinguished.  As  the  unstable  liquid  “  A” 
is  easily  changed  into  the  stable  one,  “  B,”  by  heating  it 
to  nearly  100“  C.  in  a  stoppered  glass  flask  during  fifteen 
minutes,  and  then  would  give  the  curve  of  “  B,”  it  is 
evident  that  the  method  of  examining  aqueous  solutions 
by  means  of  their  curves  of  electromotive  force  is  ap¬ 
plicable  for  detecting  and  measuring  chemical  and  mole¬ 
cular  changes  in  them  (see  “  A  Method  of  Examining  the 
Rate  of  Chemical  Change  in  Aqueous  Solutions  ”  (Proc. 
Roy.  Soc.,  xlv.,  p.  440). 

The  curves  obtained  in  solutions  of  potassium  bromide 
or  sodium  chloride,  by  varying  the  strength  of  the  liquid 
at  one  metal  only  of  the  voltaic  couple,  showed  : — 

1.  That  the  variation  produced  a  large  and  irregular 
effeCt  upon  the  electromotive  force  at  the  surface  of  the 
zinc,  but  scarcely  any  such  effeCt  at  that  of  the  platinum. 

2.  That  when  such  variation  of  strength  is  made  at 
both  metals  simultaneously,  the  effeCt  upon  the  electro¬ 
motive  force,  and  consequently  upon  the  form  of  the 
curves,  is  nearly  wholly  due  to  changes  occurring  at  the 
surface  of  the  zinc,  and  but  little  to  such  changes  at  the 
platinum. 

The  curves  which  resulted  from  gradually  raising  the 
temperature  of  dilute  hydrochloric  acid  from  10°  to  ioo° 
C.  at  both  metals  simultaneously  showed  that  a  regular 
variation  of  temperature  produced  an  irregular  change  of 
electromotive  force.  It  is  probable  that  the  curve  thus 
obtained  is  characteristic  of  the  substance,  and  would  be 
different  with  every  different  substance  and  degree  of 
strength  of  its  solution. 

By  raising  the  temperature  of  the  solution  of  potassium 
chloride  from  15°  to  ioo°  C.  at  each  metal  separately, 
two  curves  of  quite  different  forms  were  obtained.  The 
greatest  variation  of  eleCfromotive  force  was  at  the  zinc, 
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and  was  =0’i03  volt,  whilst  that  of  the  platinum  was  only 
=  o-o4  volt.  Each  of  these  curves  would  probably  be 
characteristic  of  the  particular  dissolved  substance  and 
degree  of  strength  of  its  solution. 

General  and.  Theorical  Considerations. 

The  evidence  obtained  by  this  research  shows  : — • 

1.  That  every  different  electrolytic  substance,  when  in 
aqueous  solution,  gives,  by  varying  the  degree  of  strength 
of  its  solution  (or  by  varying  its  temperature),  a  different 
curve  of  electromotive  force. 

2.  That  this  curve  is  characteristic  of  the  substance. 

3.  That  under  these  conditions,  substances  which 
constitute  a  recognised  chemical  group  yield  a  series  of 
curves  which  usually  exhibit  a  gradation  of  likeness  of 
form. 

4.  That  the  degrees  of  electromotive  force  of  such  a 
group  usually  vary  in  magnitude  inversely  as  the  amounts 
of  the  atomic  or  molecular  weights  of  the  substances. 

5.  That  a  much  greater  increase  of  electromotive  force 
is  usually  caused  by  the  first  amount  of  substance  added 
to  the  water  than  by  the  subsequent  amounts. 

6.  That  the  chemical  union  of  two  substances  to  form 
a  soluble  salt  is  attended  by  a  definite  decrease  of 
electromotive  force  and  a  definite  change  of  form  of 
curve. 

7.  That  the  substitution  of  one  halogen  acid  or  metallic 
base  for  another  in  the  composition  of  a  soluble  electro¬ 
lytic  salt,  is  accompanied  by  a  definite  amount  of  change 
of  that  force  and  of  the  form  of  its  curve  ;  and  it  will 
probably  be  possible  to  trace,  by  means  of  these  changes, 
the  presence  of  each  halogen  acid  and  metal  in  the 
various  solutions  of  its  salts. 

8.  That  isomeric  solutions  of  electrolytic  substances 
give  different  curves  under  the  same  conditions,  and  may 
thus  be  distinguished  from  each  other. 

g.  That  molecular  and  chemical  changes  and  their 
rates,  in  electrolytes,  may  be  examined  and  measured  by 
this  method. 

10.  That  if  the  solutions  of  the  substances  are  too  weak 
the  characteristic  forms  and  differences  of  the  curves  are 
not  fully  developed,  and  if  they  are  too  strong  the 
measurements  of  electromotive  force  are  more  difficult  to 
make.  As  the  measurements  were  made  at  the  null 
point  when  no  current  was  passing,  the  curves  represent 
the  electromotive  forces  and  molecular  motions  which 
exist  under  that  condition  ;  when  the  current  passes  the 
molecular  movements  are  greatly  altered. 

The  changes  of  electromotive  force  and  form  of  curve 
obtained  : — ist,  by  the  same  variations  of  strength  of  the 
same  solution  at  two  different  temperatures  ;  2nd,  by 
varying  the  temperature  of  a  solution  without  changing 
its  strength  ;  and  3rd,  by  varying  its  temperature  at  the 
positive  metal  only,  or  at  the  negative  one  only,  support 
the  general  view  that  each  substance  becomes  more  or 
less  a  different  substance  at  each  different  temperature, 
and  that  the  degrees  of  property  of  each  substance  at 
different  temperatures  are  practically  infinite  in  number. 

The  results  in  general  support  the  kinetic  theory  that 
the  most  fundamental  attribute  of  matter  is  motion,  that 
a  mass  of  matter  is  a  mass  of  motion,  that  each  substance 
consists  essentially  of  a  collection  of  molecular  motions, 
and  that  the  chief  properties  of  bodies  are  consequences 
of  such  motions.  Changes  of  volta  electromotive  force 
are  now  generally  recognised  as  being  due  to  those 
motions,  and  as  being  disturbances  of  the  universal  ether 
which  pervades  all  bodies  and  all  space.  Each  degree  of 
such  force  may  also  be  regarded  as  a  concrete  result  of 
an  extensive  series  of  molecular  vibrations  of  extremely 
varied  degrees  of  amplitude  ;  this  series  being  character¬ 
istic  of  the  particular  material  combination  producing  it, 
analogous  to  the  collection  of  vibrations  producing  a 
beam  of  light  of  a  particular  burning  substance.  The 
curves  represent,  in  addition,  the  changes  in  amount  of 
these  collective  motions  ;  and  by  observing  these  changes 


in  a  single  substance  under  a  sufficient  variety  of  con¬ 
ditions,  a  more  or  less  complete  graphic  delineation  of 
them  as  representing  that  particular  substance  might  be 
obtained.  When  we  are  able  to  fully  interpret  the  lan¬ 
guage  or  meaning  of  these  curves  we  shall  learn  a  very 
great  deal  respecting  the  internal  motions  and  changes 
of  substances,  and  the  conditions  of  conversion  of 
potential  into  kinetic  energy. 

As  each  curve  is  a  geometrical  and  quantitative  repre¬ 
sentation  of  a  series  of  such  changes,  a  complete 
collection  of  such  curves,  yielded  by  all  kinds  of  aqueous 
solutions,  would  constitute  an  extensive  system  of  repre¬ 
sentations  of  the  molecular  motions  of  substances  some¬ 
what  like  that  of  the  luminous  speCtra  of  bodies ;  and 
the  magnitudes  and  harmonic  relations  of  the  degrees  of 
electromotive  force  represented  by  the  curves  will  form  a 
very  large  basis  of  study  for  mathematicians,  something 
like  the  speCtra  of  bodies  now  afford.  The  entire  sub¬ 
ject  appears  to  be  nearly  as  large  as  that  of  speCtrum 
analysis,  and  is  not  altogether  unlike  it. 

The  whole  system  of  curves  may  be  viewed  as  being 
in  some  respeCts  analogous  to  the  absorption  speCtra  of 
liquids,  and  in  a  less  degree  to  the  speCtra  of  gases.  The 
relations  between  the  different  curves  are  probably  more 
complex  than  those  between  the  speCtra  of  liquids, 
because  the  electrodes  take  part  in  the  aCtion  ;  and  still 
more  complex  than  those  between  the  speCtra  of  gases, 
because  of  the  influences  of  the  solvent  and  of  the 
electrodes,  and  because  each  dissolved  substance  is  in  the 
liquid  state,  and  under  the  influence  of  cohesion. 

As  the  magnitudes  and  forms  of  the  curves  are  mani¬ 
festly  related  to  the  atomic  and  molecular  weights  of  the 
dissolved  substances,  they  are  doubtless  also  related  to 
the  periodic  series,  and  in  this  direction  a  study  of  them 
by  mathematicians  will  lead  to  the  acquisition  of  new 
knowledge.  And  as  they  reveal  the  kinetic  changes 
which  isomeric  and  other  substances  undergo  when  they 
pass  from  one  state  of  chemical  equilibrium  to  another 
in  cases  of  chemical  union,  substitution,  decomposition, 
&c.,  they  are  evidently  related  very  intimately  to  Newton’s 
third  law  of  motion. 

With  regard  to  the  latter  suggestion,  in  several  re¬ 
searches  (see  “  Relative  Amounts  of  Voltaic  Energy  of 
Electrolytes,”  Roy.  Soc.  Proc.,  1888,  xlv.,  p.  266;  Proc. 
Birin.  Phil.  Soc,,vii,,  p.  43  ;  “  On  Loss  of  Voltaic  Energy 
of  Electrolytes  by  Chemical  Union,”  Ibid .,  vi.,  p.  225  ; 

“  Examples  of  Solution  Compounds,”  Ibid.,  vii.,  p.  33  ; 
Chemicai,  News,  lxi.,  172),  the  author  has  largely  shown, 
by  means  of  the  “  voltaie  balance  ”  method,  that 
chemical  union  in  definite  proportions  hy  weight  of 
substances  whilst  in  aqueous  solution  together  is  ap¬ 
parently  universal  ;  that  elements  unite  with  elements, 
with  all  kinds  of  acids,  and  with  all  classes  of  acid, 
neutral,  and  basic  salts  ;  that  acids  unite  with  acids,  each 
with  every  other  one,  and  each  acid  with  every  salt ;  and 
salts  with  each  other  in  almost  endless  variety ;  and 
apparently  that  all  kinds  of  dissolved  chemical  com¬ 
pounds,  with  but  few,  if  any  exceptions,  unite  together 
more  or  less  distinctly  in  those  definite  proportions  indis¬ 
criminately  and  without  limit  of  kind,  provided  no  separa¬ 
tion  of  substance  by  precipitation  or  otherwise  occurs. 
Also,  by  repeatedly  doubling  the  molecular  weight  of  a 
“  solution  compound  ”  by  successive  additions  to  it  of 
other  dissolved  substances  of  equal  chemical  value,  each 
addition  producing  a  new  state  of  chemical  equilibrium, 
in  which  chemical  aCtion  and  reaction  are  equal,  he  has 
by  the  same  method  shown  that  chemical  union  of 
substances  whilst  in  aqueous  solution  extends  to  large 
aggregates  of  molecules  of  the  most  varied  kind  and  of 
considerable  degrees  of  complexity  [Proc.  Birrn.  Phil. 
Soc.,  vi. ,  p.  225;  Chemical  News,  lix.,  p.  183).  This 
universality  of  chemical  union  of  substances  whilst  in 
solution  together  indicates  the  existence  of  an  equally 
general  cause  of  such  union,  and  that  cause  must  be  a 
molecular  one. 

“  The  theory  most  consistent  with  these  faCts  is  a 
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kinetic  one,  viz.,  that  metals  and  eledtrolytes  are 
throughout  their  masses  in  a  state  of  molecular  move¬ 
ment.  That  the  molecules  of  these  substances,  being 
fridtionless  bodies  in  a  fridtionless  medium  ”  (viz.,  the 
universal  ether],  “  and  their  motion  not  being  dissipated 
by  conduction  or  otherwise,  continue  in  motion  until 
some  cause  arises  to  prevent  them.  That  every  different 
metal  and  electrolyte  has  a  different  class  of  motions, 
and  that  the  molecular  motion  of  each  substance  varies 
at  a  different  rate  by  rise  of  temperature.”  This  theory 
has  been  employed  by  the  author  to  explain  certain  phe¬ 
nomena  in  eledtrolytes  (see  Roy.  Soc.  Proc.,  1883,  xxxvi. , 
pp.  54,  55).  “  In  accordance  with  this  theory,  chemical 

adtion  is  an  effedt  of  molecular  motion,  and  is  one  of  the 
modes  by  which  that  motion  is  converted  into  eledtric 
current.”  “  Those  statements  are  also  consistent  with 
the  view  that  the  elementary  substances  lose  a  portion 
of  their  molecular  adtivity  when  they  unite  to  form  acids 
or  salts,  and  that  eledtrolytes  have  usually  a  less  degree 
of  molecular  motion  than  the  elements  of  which  they  are 
composed  ”  [Ibid.). 

A  kinetic  theory  must  agree  with  mechanical  laws  ;  we 
cannot  create  motion  or  energy  ;  all  motion  arises  from 
pre-existing  motion,  every  efficient  cause  of  kinetic  change 
is  a  kinetic  one  ;  the  immediate  source  of  all  chemical 
change  is  the  latent  molecular  motion  of  the  combining  or 
mutually  adting  substances.  As  neither  mere  difference  of 
substance,  nor  union  in  definite  proportions  by  weight,  is 
in  itself  an  adtive  influence,  neither  can  it  be  the  imme¬ 
diate  kinetic  cause  of  chemical  change  ;  but  as  both  these 
circumstances  invariably  attend  chemical  union,  and  no 
such  union  occurs  without  them,  we  may  conclude  that 
they  are  necessary  conditions  of  the  union. 

By  adopting  the  above  theory,  “  that  eledtrolytes  are 
throughout  their  masses  in  a  state  of  molecular  move¬ 
ment,  that  the  molecules  of  these  substances,  being 
fridtionless  bodies  in  a  fridtionless  medium,  and  their 
motion  not  being  dissipated  by  condudtion  or  other¬ 
wise,  they  continue  incessantly  in  movement  until 
some  cause  arises  to  prevent  them,”  and  associating 
it  with  Newton’s  third  law  of  motion,  viz.,  that  “  the 
adtions  of  bodies  upon  one  another  are  always 
equal  and  in  opposite  diredtions,”  we  are  driven  to  the 
inference  that  what  we  term  “  chemical  affinity,”  or  the 
immediate  adtive  cause  of  chemical  union,  is  latent  or 
potential  molecular  motion  and  the  mutual  impadt  and  mo¬ 
mentum  of  the  molecules  of  the  uniting  substances. 
When  two  dissolved  substances  are  brought  by  admixture 
of  their  solutions  into  mutual  contadt,  a  portion  of  the 
molecular  motion  of  the  one  substance  is  neutralised  by 
an  equal  amount  of  opposite  motion  of  the  other,  and  the 
two  portions  are  converted  into  free  heat,  eledtric  current, 
or  other  form  of  energy,  and  the  molecules  thus  brought 
into  nearer  proximity  retain  their  new  positions  and  dis¬ 
tances  ;  this  agrees  with  the  usual  evolution  of  heat,  loss 
of  voltaic  energy,  depression  of  eledtromotive  force,  and 
frequent  increase  of  density,  which  occur  during  chemical 
union.  According  to  this  view,  every  dissolved  chemical 
compound  is  an  instance  of  balanced  molecular  motion, 
and  it  is  the  neutralised  portions  of  motion  which  escape 
as  heat  and  eledtric  current.  How  far  there  is  any 
originality  in  these  ideas  the  author  leaves  to  other 
persons  to  decide. 

Many  of  the  fadts  evolved  by  the  several  researches  re¬ 
ferred  to  point  towards  the  conclusion  that  measurements 
ofvolta  eledtromotive  force  and  voltaic  energy  are  essen¬ 
tially  measurements  of  “  chemical  affinity”  between  the 
negative  dissolved  substance  and  the  positive  metal.  An 
analogous  idea  has  already  been  suggested  by  .other  in¬ 
vestigators.  E.  F.  Herroun,  adopting  a  view  of  Helm¬ 
holtz’s,  has  inferred  that  “  the  eledtromotive  force  of  a 
voltaic  cell  is  a  measure  of  the  adtual  transformation  of 
free  energy,”  and  concluded  that  it  “  furnishes  a  more 
accurate  measurement  of  the  free  energy,  and  therefore 
of  true  chemical  affinity,  than  data  derived  from  calori¬ 
metric  observations  ”  [Phil.  Mag.,  1888,  vol.  xxvii.,p.  230). 


The  amounts  of  voltaic  energy  lost  by  two  substances 
during  their  adt  of  chemical  union  clearly  indicate  to  a 
large  extent  the  quantities  of  opposite  molecular  motion 
neutralised  by  their  union.  For  instance,  a  much  larger 
amount  of  such  motion  is  neutralised  by  the  union  of 
sodium  with  chlorine  to  form  sodic  chloride  than  by  that 
of  hydrogen  with  chlorine  to  form  hydrochloric  acid,  and, 
no  doubt,  by  investigating  the  losses  of  eledtromotive 
force  and  voltaic  energy  attending  the  chemical  union  of 
substances  in  aqueous  solution,  we  may  learn  a  very 
great  deal  respedting  the  quantitative  relations  of 
“  chemical  affinity  ”  between  metals  and  eledtrolytes  ;  but 
a  great  obstacle  to  making  accurate  measurements  of 
such  “  affinity  ”  by  this  method  is  the  unmeasured  portion 
of  energy  lost  by  “  local  adlion.”  It  may  be  further  re¬ 
marked  that,  disregarding  “  local  adtion,”  this  chemical 
union  and  neutralisation  of  opposite  molecular  motions 
only  occurs  whilst  the  circuit  is  closed,  and  t:;.v  at  the 
instant  of  closing  the  circuit,  potential  energy  i«  con¬ 
verted  into  kinetic  energy,  and  a  multitude  of  e  edlro- 
magnetic  waves  of  varied  lengths  are  generate  i  and 
radiated  into  space;  the  conversion  of  energy,  there¬ 
fore,  in  this  kind  of  case,  depends  upon  closing  of  the 
circuit. 

The  results  obtained  by  varying  the  strength  or  the 
temperature  of  the  liquid  at  each  metal  separately  sup¬ 
port  the  conclusion  that,  in  an  ordinary  voltaic  cell, 
nearly  the  whole  of  the  energy  is  due  to  adtion  at  the 
zinc,  and  but  little  to  that  at  the  platinum  ;  and  that  the 
latter  metal  adts  nearly  wholly  by  obviating  the  greater 
counter  eledtromotive  force  which  would  occur  by  using 
a  more  corrodible  metal,  and  by  diminishing  the  resist¬ 
ance  which  a  less  conducting  substance  would  offer.  The 
mere  absence  of  an  obstacle  to  a  change  cannot  be  an 
adtive  cause  of  that  change,  and  any  substance  which 
takes  an  essential  part  in  any  physical  or  chemical  adtion, 
and  (like  the  platinum  plate)  remains  exadtly  the  same  in 
every  respedt  after  the  adtion  as  it  was  immediately  pre¬ 
vious  to  it,  cannot  have  been  a  real  cause  of  that  adtion, 
or  of  any  loss  or  gain  of  energy  attending  it.  The  pre¬ 
sence  of  the  negative  metal  is  only  a  static  permitting 
condition  ;  it  enables,  without  any  expenditure  of  energy 
on  its  own  part,  the  opposite  potential  molecular  motions 
of  the  positive  metal  and  the  negative  constituent  of  the 
liquid  to  neutralise  each  other  and  be  converted  into 
voltaic  current. 

The  method  described  in  the  paper  is  not  merely  a 
technical  one  of  detedting  substances,  nor  is  it  specially 
fitted  for  such  a  purpose  ;  but  it  is  an  extensive  new  de¬ 
partment  of  chemical  and  molecular  research,  and  a 
general  system  of  representation  by  means  of  geometrical 
curves,  not  only  of  individual  substances,  but  of  some  of 
the  fundamental  changes  of  molecular  motion  of  sub¬ 
stances  which  are  inseparably  related  to  their  chief 
chemical  properties,  and  it  will  in  this  way  supply  mathe¬ 
maticians  with  a  new  and  extensive  series  of  fadts,  repre¬ 
senting  in  terms  of  eledtromotive  force,  the  degrees  of  volta- 
chemical  adtion  of  metals  and  eledtrolytes  upon  each 
other.  Some  of  the  chief  uses  of  it  as  a  method  of  research 
will  be  to  examine  the  molecular  strudture  and  chemical 
composition  of  substances,  to  detedt  differences  and 
changes  in  them  caused  by  heat,  light,  chemical  union, 
substitution,  decomposition,  &c.,  and  to  detedt  and 
measure  molecular  and  chemical  differences  in  isomeric 
liquids.  It  may  be  used  to  detedt  and  measure  the 
changes  gradually  produced  by  light  and  heat  in  chlorine- 
water  and  bromine-water,  the  influence  of  light  upon 
nitric  acid,  the  degrees  of  retarding  effedt  of  coloured 
glass  screens,  &c.,  upon  various  chemical  changes  caused 
by  light,  the  gradual  oxidation  of  a  solution  of  sulphurous 
anhydride  by  exposure  to  air,  the  spontaneous  decom¬ 
position  of  aqua  regia,  the  rate  of  decomposition  of  a 
solution  of  potassic  iodide  by  chlorine-water,  the  speed 
of  displacement  of  one  acid  by  another,  &c.  The  ex¬ 
amples  given  and  researches  suggested  are  sufficient  to 
indicate  the  extensive  applicability  of  the  method, 
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University  of  “Wisconsin. 

(Concluded  from  p.  77). 

III.  Artificial  or  Synthetic  Oil  of  Wintergreen.  —  The 
physical  properties  of  this  oil,  as  manufactured  by  Messrs. 
Schimmel  and  Co.,  of  Leipzig,  and  kindly  furnished  me 
by  Messrs.  Fiitzsche  Bros,  of  New  York,  have  already 
been  described.  In  connection  with  its  chemical  compo¬ 
sition  it  therefore  only  remained  to  determine  whether  it 
contained  any  benzoic  acid,  since  Messrs.  Trimble  and 
Schrceter  have  made  the  statement,  which  has  become 
widely  circulated,  that  the  salicylic  acid  separated  from 
“  a  representative  sample  ”  of  the  artificial  oil  of  winter¬ 
green  examined  by  them  was  contaminated  with  about 
15  per  cent  of  benzoic  acid.  On  the  basis  of  this  asser¬ 
tion  they  take  occasion  to  condemn  the  artificial  oil  of 
wintergreen,  and  to  discountenance  its  recognition  by 
the  Pharmacopoeia,  which  the  writer  in  a  former  paper* 
had  suggested,  by  the  following  expression  of  opinion  : — 

“  In  view  of  the  fact  that  the  oil  of  birch  has  in  part 
displaced  that  of  wintergreen,  Dr.  Squibb  ( Ephetneris , 
Oct.,  1887,  p.  954)  nearly  two  years  ago  made  some 
remarks  about  the  similarity  of  the  three,  suggesting  that 
oil  of  birch  should  be  called  by  its  correct  name,  and  that 
the  Pnarmacopoeia,  byits  present  definition,  is  lending  its 
authority  to  perpetuate  the  error.  These  statements 
have  since  calitd  forth  from  others  the  recommendation 
that  the  artificial  oil  should  be  made  officinal  at  the  next 
tevisionof  the  Pharmacopoeia.  How  far  this  would  be 
undesirable  may  appear  on  examining  the  following 
analysis  of  a  representative  sample  of  the  commercial 
artificial  product,  and  refleding  on  the  present  difference 
between  this  and  either  of  the  natural  oils,  and  the  still 
greater  difference  that  would  naturally  follow  the  recom¬ 
mendation  of  the  artificial  methyl  salicylate  by  the 
Pharmacopoeia.  If  it  is  not  a  pure  compound  now,  when 
it  is  competing  for  recognition,  what  would  it  degenerate 
to  if  it  should  become  established  by  the  recommendation 
of  the  Pharmacopoeia  ?  ”f 

Although  Messrs.  Trimble  and  Schrceter  have  been 
very  careful  not  to  mention  the  name  of  the  manufadurer 
of  what  they  term  a  “representative  sample”  of  this 
produd,  it  is  well  known  that  it  is  included  among  the 
specialities  of  Messrs.  Schimmel  and  Co.,  who  are  the 
largest  producers  of  it,  and  whose  produds  have  not  only 
always  been  without  reproach,  but,  on  account  of  their 
known  purity,  have  served  as  the  basis  of  the  most  ex¬ 
tended  investigations  in  this  line  by  the  chemists  of  both 
continents. 

The  above  assertions  of  Messrs.  Trimble  and  Schroeter, 
so  far  as  they  might  be  construed  to  apply  to  the  produd 
of  Messrs.  Schimmel  and  Co.’s  manufadure,  have 
naturally  not  failed  to  evoke  a  prompt  repudiation,  and 
the  expression  of  their  opinion  on  this  subjed,  as  con¬ 
tained  in  their  Odober  Berichte,  1889,  p.  50,  is  in  such 
plain  and  forcible  language  that  I  take  the  liberty  of 
presenting  a  translation  of  the  same. 

“  In  consideration  of  the  rare  occurrence  of  true 
gaultheria  oil,  the  proposition  made  some  time  ago  in 
America,  that  the  Pharmacopoeia  should  recognise  the 
artificial  methyl  salicylate  in  place  of  the  natural  oil, 
which  is  subjed  to  so  much  adulteration,  has  resulted  in 
the  opposition  of  the  American  chemists,  Messrs.  Trimble 
and  Schrceter.  These  gentlemen  have  not  only  published 
their  motives  for  this  in  American  journals,  but  by  means 


*  Pharm.  Rundschau,  1888,  p.  210. 
f  Amer.  fount.  Pharm.,  1889,  p.  403. 


of  a  special  pamphlet,  have  sought  to  give  the  same  the 
widest  possible  circulation.” 

“  We  can  congratulate  them  that  they  have  left  their 
readers  in  the  dark  with  regard  to  the  origin  of  the  syn¬ 
thetic  oil  of  wintergreen  examined  by  them,  for  if  by  the 
disguised  designat'on  1  representative  sample  of  the  com¬ 
mercial  artificial  produd  ’  they  should  have  meant  that 
of  our  manufadure,  as  imported  and  sold  by  our  New 
York  house,  the  statement  of  having  found  about  15  per 
cent  of  benzoic  acid  in  it  would  have  subjeded  them  to 
lasting  censure.” 

“  With  regard  to  our  produd,  we  are  in  the  position  to 
furnish  the  assurance  that  it  does  not  contain  the  slightest 
trace  of  benzoic  acid,  for  the  salicylic  acid  used  in  its 
manufadure  is  absolutely  free  from  benzoic  acid.  We 
have  made  inquiries  concerning  this  of  Dr.  Kolbe,  of  the 
firm  of  F.  von  Heyden,  Nachfolger,  in  Dresden,  who 
supplies  us  with  salicylic  acid,  and  have  received  from 
him  the  most  convincing  assurance  that  the  occurrence  of 
benzoic  acid  in  his  salicylic  acid  is  absolutely  out  of  question, 
and  also  that  the  formation  of  this  acid  in  its  manufadure 
is  impossible.” 

“  Although  the  assurance  from  this  source  should  really 
have  sufficed,  nevertheless,  in  order  to  ward  off  any 
possible  refledion  upon  the  charader  of  our  oil,  we  have 
taken  the  pains  to  examine  the  salicylic  acid  of  our  oil  of 
wintergreen  for  benzoic  acid,  the  more  especially  to  an¬ 
ticipate  any  assertion  that  benzoic  acid  might  be  formed 
in  the  manufadure  of  the  oil.  We  are  also  thus  able, 
from  our  own  inspedion,  to  confirm  the  statement  that 
no  trace  of  benzoic  acid  exists  in  our  oil  of  wintergreen.” 

“  Every  unprejudiced  person  will  certainly  agree  with 
us  when  we  present  an  energetic  front  against  the  style 
and  method  of  procedure  of  these  gentlemen.  It  is 
generally  known  that  the  synthetic  oil  of  wintergreen  has 
hitherto  been  exclusively  imported  by  our  New  York 
house.  There  can  therefore  scarcely  be  a  doubt  but  that 
with  the  designation  ‘  representative  sample  of  the  com¬ 
mercial  artificial  produd  ’  our  produd  was  intended.  We 
will  assume,  in  favour  of  Messrs.  Trimble  and  Schrceter, 
that  in  the  suppression  of  our  name  they  have  believed 
to  have  shown  an  ad  of  consideration.  If  this  should 
have  been  the  case,  we  will  remark  that  it  was  quite  out 
of  place.  We  do  not  need  to  shun  the  light,  and  shall 
always  be  capable  of  defending  the  produds  of  our  manu¬ 
fadure.” 

From  a  careful  examination  which  I  have  recently 
made  of  the  synthetic  oil  of  wintergreen  of  Messrs. 
Schimmel  and  Co.’s  manufadure,  I  can  not  only  fully 
corroborate  their  statement  that  it  does  not  contain  any 
trace  of  benzoic  acid,  but  would  unhesitatingly  designate 
it  as  one  of  the  finest  produds  of  modern  chemical  syn¬ 
thesis.  Why  Messrs.  Trimble  and  Schrceter  should 
designate  such  a  compound  as  that  examined  by  them  as 
a  “  representative  sample  ”  of  this  oil,  when  according  to 
their  own  examination  of  it,  it  must  have  teen  evident 
that  it  was  a  base  sophistication,  is  perfedly  incompre¬ 
hensible.  Their  opposition  to  the  recognition  by  the 
United  States  Pharmacopoeia  of  the  artificial  oil  on  any 
such  grounds  would  seem  to  be  no  more  reasonable  than 
that  the  Pharmacopoeia  should  exclude  all  other  valuable 
medicinal  agents  which  are  liable  to  adulteration  or 
sophistication. 

The  benzoic  acid  which  Trimble  and  Schroeter  state  to 
have  been  found  in  the  artificial  oil  of  wintergreen,  as  also 
in  small  amounts  in  the  natural  oils  of  wintergreen  and 
birch,  was  separated  by  them  from  the  salicylic  acid  by 
treating  the  latter  with  petroleum  ether,  and  further  puri¬ 
fying  the  last  crystallisations. 

In  my  examination  of  the  salicylic  acid  from  the  arti¬ 
ficial  oil  of  wintergreen  and  the  natural  oils  of  wintergreen 
and  birch  it  seemed  desirable  in  the  first  place  to  ascer¬ 
tain  the  relative  solubility  of  benzoic  and  salicylic  acids 
in  petroleum  ether.  The  latter  was  freshly  rectified,  and 
only  that  portion  employed  which  distilled  over  between 
250  and  45°  C.  The  solubility  of  salicylic  acid  in  this 
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liquid  was  found  to  be  i  part  in  935  parts  at  150  C.,  and 
the  acid  separates  from  the  solution  on  spontaneous 
evaporation  in  small  colourless  needles. 

The  solubility  of  benzoic  acid  in  this  liquid  was  found 
to  be  1  part  in  106-3  parts  at  150  C.,  and  the  acid 
separates  from  the  solution  on  spontaneous  evaporation 
in  bright  pearly  scales. 

Not  only  the  difference  in  solubility  of  these  acids,  but 
also  their  complete  dissimilarity  in  crystalline  form,  as 
separated  from  the  petroleum  ether,  therefore,  prove  the 
latter  to  be  well  adapted  for  the  detedtion  of  benzoic  acid. 
But  since  both  acids  are  so  sparingly  soluble  in  this 
liquid,  I  sought,  if  possible,  to  bring  any  benzoic  acid 
present  into  a  smaller  compass  by  taking  advantage  of  the 
greater  solubility  of  the  latter  in  chloroform,  which  is 
stated  to  be  1  part  in  6  of  chloroform,  while  salicylic  acid 
requires  80  parts  of  chloroform  for  solution.  The  acids 
obtained  from  the  oils  were  therefore  first  extraded  with 
hot  chloroform,  and  the  portion  of  acid  crystallised  from 
chloroform  was  then  treated  with  petroleum  ether.  By 
this  method,  as  previously  stated,  not  a  trace  of  benzoic 
acid  could  be  deteded  in  the  artificial  oil  of  wintergreen, 
and  I  have  been  equally  unsuccessful  in  deteding  it  in 
either  a  pure  natural  oil  of  wintergreen  or  in  the  specimen 
of  oil  of  birch  which  served  for  this  examination. 

Messrs.  Trimble  and  Schrceter  also  announce  the 
presence  of  small  amounts  of  ethyl  alcohol  in  the  natural 
oils  of  wintergreen  and  birch,  as  based  upon  the  iodoform 
readion  afforded  by  the  methyl  alcohol  separated  from 
the  oils.  In  this  connedion  the  fad  should  not  be  over¬ 
looked  that  oil  of  turpentine,  and  presumably  other  bodies 
belonging  to  the  class  of  terpenes,  are  also  capable  of 
affording  iodoform.  If,  for  example,  a  few  drops  of  pure 
oil  of  turpentine  be  shaken  with  warm  water,  and  the 
liquid,  after  cooling,  be  filtered  through  a  wet  filter,  such 
a  clear  aqueous  solution,  which  can  contain  but  ex¬ 
tremely  small  amounts  of  dissolved  oil,  when  treated 
with  iodine  and  solution  of  caustic  alkali,  will  afford,  on 
standing,  a  distind  crystalline  precipitate  of  iodoform.  It 
would  therefore  not  seem  impossible  but  that,  in  the  case 
of  the  natural  oil  of  wintergreen  at  least,  so  small  an 
amount  of  a  terpene  might  still  remain  associated  with 
the  methyl  alcohol  as  would  suffice  to  produce  this  re¬ 
adion.  I  would  state,  however,  that  I  have  not  been 
able  to  obtain  any  crystals  of  iodoform  from  a  filtered 
aqueous  solution  of  the  terpene  separated  from  thenatural 
oil  of  wintergreen,  nor  is  iodoform  afforded  by  the  hydro¬ 
carbons  of  ordinary  petroleum. 

In  summing  up  the  results  of  this  investigation,  my 
conclusions,  as  contrasted  with  those  of  Messrs.  Trimble 
and  Schroeter,  may  be  presented  as  follows : — 

I.  The  natural  oil  of  wintergreen  consists  of  methyl 
salicylate,  with  small  amounts  (0-3  per  cent  or  less)  of  a 
terpene.  The  latter  is  a  slightly  yellowish,  somewhat 
viscid  liquid,  having  an  odour,  as  described  by  Cahours, 
resembling  that  of  black  pepper,  a  specific  gravity  of 
approximately  0-940,  and  does  not  solidify  or  separate 
any  solid  substance  at  a  temperature  of  —  io°  C.  It 
deviates  the  ray  of  polarised  light  to  the  left,  and  cannot 
be  vapourised  without  decomposition. 

II.  The  oil  of  birch,  when  pure,  consists  simply  of 
methyl  salicylate,  and  is  without  adion  on  polarised 
light. 

III.  The  natural  oils  of  wintergreen  and  birch  are 
therefore  neither  physically  nor  chemically  identical, 
although  the  differences  are  practically  very  slight. 

IV.  In  the  natural  oils  of  wintergreen  and  birch  ex¬ 
amined  by  me  no  trace  of  benzoic  acid  could  be  deteded, 
nor  has  sufficient  evidence  as  yet  been  afforded  to  estab¬ 
lish  beyond  doubt  the  presence  of  ethyl  alcohol  in  these 
oils. 

V.  The  artificial  or  synthetic  oil  of  wintergreen,  as 
manufadured  by  Messrs.  Schimmel  and  Co.,  of  Leipzig, 
and  which  to  the  writer  s  knowledge  is  at  present  the 
only  commercial  synthetic  oil  that  is  entitled  to  be  desm- 
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nated  as  a  representative  produd,  does  not  contain  any 
trace  of  benzoic  acid. 

VI.  The  pure  synthetic  oil  of  wintergreen  can  not  be 
distinguished  from  either  the  natural  oil  of  wintergreen 
or  the  oil  of  birch  by  the  addition  of  an  excess  of  a  cold 
solution  of  potassium  hydrate,  nor  is  any  “  disagreeable 
phenol-like  odour”  produced,  as  affirmed  by  Messrs. 
Trimble  and  Schrceter.  In  the  case  of  the  artificial  oil 
the  odour  of  wintergreen  does  not  disappear  to  any 
greater  extent  than  with  the  natural  oils.  On  heating 
either  of  these  oils  with  a  caustic  alkali  the  wintergreen 
odour  is  naturally  destroyed,  since  the  chemical  com¬ 
pound  to  which  the  odour  is  due  becomes  thereby  de¬ 
composed. 

VII.  With  regard  to  the  adoption  of  the  title  Methyl 
Salicylate,  and  the  recognition  of  the  artificial  oil  of 
wintergreen  by  the  Pharmacopoeia,  as  I  had  suggested  in 
a  former  paper,  no  reasonable  objection  can  be  urged.  It 
remains,  however,  for  the  pharmacists  and  physicians  of 
this  country  to  decide,  whether  under  the  title  of  Oleum 
Gaultherice,  the  Pharmacopoeia  should  recognise  the  oil 
of  birch,  which  is  prepared  chiefly  in  a  crude  manner  by 
farmers  and  itinerant  distillers,  and  is  subjedto  adultera¬ 
tion  with  kerosene  oil,  or  whether  at  least  equal  recog¬ 
nition  should  not  be  given  to  a  pure  methyl  salicylate, 
possessing  definite  physical  and  chemical  characters,  and 
which  can  always  be  readily  procured. 

If  any  special  medicinal  virtues  reside  in  kerosene  oil, 
medical  practitioners  would  unquestionably  prefer  to  em¬ 
ploy  it  under  its  proper  name,  and  in  definite  or  known 
quantities  and  combinations. 
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Table  III.  shows  that  the  loss  in  tin  increases  if  the 
crucibles  are  left  too  long  in  a  very  hot  fire  ;  the  buttons, 
however,  remaining  free  from  iron. 

Although  the  results  in  the  naked  crucible  were  entirely 
satisfactory  with  normal  conditions  of  temperature  and 
time,  the  chalk-lined  crucible  was  now  used  to  see  what 
effect  would  be  produced  upon  the  assay.  Assays  Nos. 
11,  12,  13  were  made  in  the  same  way  as  Nos.  1  to  6, 
keeping  the  temperature  reasonably  low.  No  difference 
could  be  perceived  in  examining  the  crucible,  slags,  and 
button,  except  that  the  upper  part  of  the  crucible  was 
more  tarnished  than  with  the  naked  one. 

Table  IV.  shows  an  average  result  which  does  not  differ 
much  from  that  obtained  in  the  naked  crucible,  but  the 
assays  vary  as  much  as  06  per  cent. 

If  time  and  temperature  are  increased,  the  difference 
from  the  results  with  the  naked  crucible  becomes  much 
greater  (see  Table  V.). 

With  the  exception  of  No.  22,  all  the  buttons  contained 
iron,  some  of  the  results  being  even  then  too  low  (Nos.  20 
and  21),  and  others  too  high  (Nos.  14  to  19).  Apparently 
the  lime,  by  entering  the  slag,  assisted  in  carrying  the 
iron  into  the  tin.  That  nevertheless  some  tin  was  slagged 
is  to  be  accounted  for  by  the  fad  that  there  was  not 
enough  iron  to  prevent  it  ;  for  metallic  iron,f  although  if 
present  in  sufficient  quantity  it  will  precipitate  the  tin 
completely,  if  in  too  small  amount  will  only  reduce  the 
stannic  oxide  to  stannous  oxide,  which  of  course  enters 
,  the  slag. 

KerlJ  mentions  the  fad  that  by  first  heating  with  char- 
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Mining  Engineers,  June,  1S89.  From  the  Technology  Quarterly, 
Vol.  iii . ,  No.  2. 

+  Berthier,  “  Traite  des  Essais,”  vol.  ii.,  p.  459. 

4  “  Metallurgische  Probirkunst,  1879,  p.  483. 
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Table  III. 

Resulting  Tin. 

Assay. 

Total. 

_ l 

In  button. 

In  scales. 

In 

-1 

siftings. 

Grms. 

Per  cent. 

Grms. 

Per  cent. 

Grms. 

Per  cent. 

r  ' 

Grms. 

Per  cent. 

7.  3-320 

66-40 

3-25 

65-00 

— 

— 

— 

— 

8.  3-310 

66-20 

3-24 

64-80 

— 

— 

— 

— 

Average..  ..  3-315 

66-30 

3-245 

64-90 

0-015 

030 

0-055 

1*10 

9.  3-000 

6o-oo 

2-93 

58-60 

— 

_ 

_ 

- _ 

10.  2-850 

57-00 

2-78 

55-60 

— 

— 

— 

— 

Average..  ..  2-925 

58-50 

2-855 

57-1° 

0-015 

0-30 

0-055 

i-io 

Table  IV. 


Resulting  Tin. 


No.  of 
Assay, 

Total. 

— X- 

—  - J-r  — 

In  button. 

In  scales. 

'  J  '  A 

In  siftings. 

Grms. 

Per  cent. 

Grms. 

Per  cent. 

Grms.  Per  cent. 

Grms. 

Per  cent, 

II. 

3-393 

67-86 

3-38 

6760 

—  — 

— 

12. 

3373 

67-46 

3-36 

67-20 

—  — 

— 

_ 

13- 

3-363 

67-26 

3'35 

67-00 

—  — 

— 

— 

Average  . 

••  3-376 

67-53 

3-363 

67-27 

0*001  0"02 

0-012 

0-24 

No.  of 
Assay. 

Table  V. 

Resulting  Tin. 

_ 

Total. 

In  button.  In  scales. 

JL  1 

In  siftings. 

Grms. 

Per  cent. 

Grms. 

_  '  f  ' 

Per  cent.  Grms.  Per  cent. 

r 

Grms. 

Per  cent. 

14. 

3-456 

69-12 

3-450 

6g-oo  —  — 

— 

_ 

15- 

3-456 

69-12 

3-450 

69-00  —  — 

_ 

___ 

16. 

3-446 

68  92 

3-440 

68-8o  —  _ 

— 

— 

3-446 

68-92 

68-8o  —  _ 

Average. 

Average. 

17- 

3-440 

O'O06 

0’12 

18. 

3-441 

68-82 

3'435 

68-70  —  — 

— 

— 

ig. 

3-421 

68-42 

3HI5 

68-30  —  — 

_ 

_ 

20. 

3  391 

67-82 

3-385 

67-70  —  — 

— 

_ 

21. 

3-371 

67-42 

3-365 

67-30  —  — 

_ 

_ 

22. 

3-291 

65-82 

3-285 

65-70  —  — 

— 

— 

Table  VI. 

Resulting  Tin. 

No.  of 
Assay. 

JL  _ 

Total. 

J_  _ 

In  button.  In  scales. 

_ L  .JL 

In 

% 

siftings. 

Grms. 

Per  cent. 

Grms. 

Per  cent.  Grms.  Per  cent. 

r- 

Grms. 

Per  cent. 

23- 

3-363 

67-26 

3’33 

65'6o  —  — 

— 

24. 

3-333 

66  66 

3-30 

66-00  —  — 

— 

— 

25- 

3-253 

65-06 

3-22 

64-40  —  — 

— 

— 

Average. . 

..  3-3I6 

6632 

3-283 

65-66  0-002  0-04 

0-031 

0-62 

26. 

3-484 

69-68 

3H6o 

69-20  —  — 

, 

27- 

3334 

66  68 

3-3IO 

66-20  —  — 

— 

_ 

28. 

3-259 

65-18 

3-235 

64-70  —  — 

— 

— 

Average. . 

••  3359 

67-18 

3-335 

66-70  —  — 

0024 

0-48 

Table  VII. 


Resulting  Tin. 


No.  of 
Assay. 

Total. 

JL 

In  button. 

In  scales. 

....  , 

In  siftings. 

Grms. 

Per  cent. 

Grms. 

Per  cent. 

Grins* 

Per  cent. 

Grms. 

- - N 

Per  cent. 

29. 

3HI9 

68-38 

3-4I 

68-20 

— 

— 

— 

— 

30. 

3-339 

66-78 

3-33 

66  60 

— 

— 

— 

_ 

31- 

2-969 

59-38 

296 

59-20 

— 

— 

— 

— 

Average. . 

..  3-242 

64-84 

3-233 

64-66 

0*009 

0"i8 

— 

— 

32. 

3H25 

68-50 

3-390 

67-80 

__ 

_ 

. 

33- 

3-365 

67-30 

3-330 

66-6o 

— 

— 

— 

-  - 

34- 

3-205 

64-10 

3-170 

63-40 

— 

— 

— 

— 

Average. . 

••  3-332 

6663 

3-297 

65-93 

O'OOI 

0-02 

o-34 

o-68 
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coal  alone  in  the  crucible  and  then  adding  the  fluxes,  the 
scorification  of  tin  will  be  lessened.  The  reason  of  this  is 
apparent.  If  the  stannic  oxide  be  reduced  to  the  metallic 
state,  the  fluxes  then  added  will,  upon  fusion,  simply 
assist  to  collect  the  fine  particles  of  metallic  tin  into  a 
button,  and  the  danger  that  stannic  or  stannous  oxide 
may  be  carried  off  in  the  slag  is  excluded.  But  other 
more  powerful  causes  counteract  the  good  results  which 
might  be  expected  from  this  modification  of  the  German 
assay.  The  most  important  is  the  presence  of  iron  in  the 
metal.  Although  tin  is  reduced  sooner  than  iron  to  the 
metallic  state,  there  is  no  direCt  indication  by  which  the 
assayer  can  know  when  to  stop  with  the  reduction  and 
when  to  add  the  fluxes.  If  the  reduction  is  carried  too 
far,  the  iron  also  will  be  reduced  and  will  enter  the 
button  ;  if  not  carried  far  enough,  so  that  tin  still  remains 
unreduced,  the  main  advantage  of  the  modified  method  is 
lost.  Another  drawback  is  that  the  fluxes  are  added  to 
the  hot  reduced  ore  in  the  crucible.  This  creates  a 
liability  to  loss  of  ore  by  dusting. 

In  carrying  out  the  experiments  the  proportions  used 
were  the  same  as  with  the  regular  method.  The  crucibles 
were  placed  in  the  hot  fire,  and,  counting  from  the  time 
that  the  ore  appeared  dark  red,  it  was  exposed  for  a 
quarter  of  an  hour  to  a  strong  heat ;  then  the  fluxes  were 
added  in  their  regular  order,  and  the  charge  heated  for 
one  hour. 

The  behaviour  in  the  crucible  and  the  general  appear¬ 
ance  of  crucible  and  slags  were  not  different  from  that 
with  the  regular  method.  The  colour  of  the  salt  slag, 
however,  was  light  green  instead  of  dark  purple  ;  that  of 
the  borax  slag  dark  olive-green  instead  of  the  usual 
lighter  shade.  The  tin  buttons  did  not  separate  well 
from  the  slag,  as  their  surface  was  very  uneven.  In  some 
places  were  slight  depressions  or  even  cavities;  in  others, 
the  button  was  covered  with  small  beads  of  metal, 
adhering  partly  to  it  and  partly  to  the  borax  slag.  Some 
of  the  buttons  were  bright,  and  more  or  less  malleable, 
and  free  from  iron  ;  others,  however,  contained  so  much 
iron  that  they  had  not  the  usual  white  colour  and  bright 
appearance,  and  cracked  when  hammered  flat  to  the  size 
of  a  dime. 

Two  double  sets  of  experiments  were  carried  out,  the 
one  in  a  naked  crucible  at  a  normal  and  then  at  a  high 
temperature,  the  other  in  a  chalk-lined  crucible  under  the 
same  conditions.  The  results  obtained  in  the  naked 
crucible  are  given  in  Table  VI. 

The  average  result  of  assays  Nos.  23,  24,  25,  carried  out 
at  a  normal  heat,  is  over  1  per  cent  lower  than  that  ob¬ 
tained  by  the  regular  method,  and  there  is  a  difference  of 
2’6  per  cent  between  the  highest  and  the  lowest  of  the 
results.  The  buttons,  however,  were  all  free  from  iron. 
Those  from  assays  Nos.  26,  27,  28,  carried  out  at  a  high 
temperature,  show  the  presence  of  iron  in  quite  a  marked 
degree.  There  was  no  regularity  whatever ;  No.  26  took 
up  so  much  iron  that  the  button  weighed  more  than  the 
tin  obtained  by  chemical  analysis;  Nos.  27  and  28  also 
took  up  iron,  and  at  the  same  time  gave  some  tin  to  the 
slag. 

The  results  obtained  by  this  modified  method  are  there¬ 
fore  unsatisfactory.  They  become  still  more  so  if  the 
assay  is  carried  on  in  the  chalk-lined  crucible.  This  can 
be  seen  from  Table  VII. 

Of  Nos.  29,  30,  31,  made  at  a  low  temperature,  one 
assay  (No.  29)  contained  iron,  and  between  the  other  two 
there  is  a  difference  of  7^4  per  cent.  This  discrepancy 
was  probably  caused  by  the  large  amount  of  tin  carried 
off  in  the  slag  of  No.  31.  Under  the  caption  “  Siftings  ” 
there  is  a  blank.  As  siftings  there  remained  in  the  pan  a 
heavy  brown-black  slag,  which,  when  examined  in  the  wet 
way,  proved  to  be  rich  in  tin.  The  assays  Nos.  32,  33, 
34,  carried  on  at  a  high  temperature,  gave  buttons  which 
were  all  strongly  ferruginous  ;  they  also  showed  great 
irregularity.  Judging  from  the  results  obtained  by  the 
modified  method — Nos.  23  to  32 — the  preference  must  be 
given  to  the  regular  German  method,  although,  as  above 


stated,  it  would  seem  rational  to  suppose  that  the  loss  in 
tin  would  be  smaller  if  the  black  tin  were  reduced  to  the 
metallic  state  before  the  flux  is  added  and  the  fusion 
begins. 

Mitchell*  gives  a  method  which  may  be  mentioned  in 
connection  with  the  German  assay.  He  mixes  400  grains 
ore,  100  argol,  300  sodium  carbonate,  50  lime,  and 
charges  in  a  crucible  so  large  that  it  need  only  be  half 
filled,  then  gives  a  cover  of  sodium  carbonate  and  200 
grains  of  borax  ;  heats  gently,  and  keeps  for  at  least 
twenty  minutes  at  a  dull  red  heat,  increasing  the  tem¬ 
perature  until  tranquil  fusion  takes  place. 

The  experiments  were  carried  out  as  directed.  A 
beautiful  bottle-green  slag  resulted.  It  was  as  glassy  as 
obsidian,  and  covered  with  a  thin  slag  of  a  lighter  green 
colour.  The  results  from  three  consecutive  assays  were 
so  discouraging  that  no  further  attempts  were  made  in 
that  direction.  Nearly  all  the  tin  had  been  taken  up  by 
the  slag,  the  only  apparent  reason  being  the  intimate 
mixing  of  ore  and  flux. 

(To  be  continued). 


THE  FIXATION  OF  ATMOSPHERIC 
NITROGEN.f 
By  A.  A.  BRENEMAN,  S.B.J 
(Continued  from  p.  84.) 


The  Formation  of  Metallic  Nitrides. 

R.  Wagner  in  1857  (f^b.  client.  Tech.,  1857,  I2r)  had 
suggested  that  nitrides  of  boron  and  silicon  in  the  interior 
of  the  earth  might  be  the  source  of  the  ammonia  found  in 
combination  with  boric  acid  in  the  lagoons  of  Tuscany, 
and  as  sal-ammoniac  in  volcanic  exhalations.  This 
ammonia  may  be  a  product  of  the  aCtion  of  water  at  high 
tempetatures  upon  the  above  nitrides.  Bunsen,  however, 
and  Rainer  ( loc .  cit.)  regard  volcanic  ammonia  as  of 
organic  origin,  resulting  from  aCtion  of  subterranean  heat 
upon  fossil  vegetable  matter,  coal,  lignite,  &c. 

Brieglieb  and  Geuther  in  1862  (J.  pr.  Ch.,  cxxiii.,  228) 
investigated  the  question  of  the  metallic  nitrides.  The  close 
relation  of  these  bodies  to  the  cyanides  renders  a  know¬ 
ledge  of  them  of  much  interest  in  this  connection. 
Nitrides  of  magnesium,  aluminium,  and  chromium  were 
obtained  by  simply  heating  the  metals  in  pure  nitrogen. 
The  temperature  of  combination  of  nitrogen  with  the 
metal  seems  to  be  near  the  melting-point  of  the  latter. 
Magnesium  nitride  is  a  gieenish  yellow,  amorphous  mass 
which  yield  ammonia  in  contaCt  with  water  or  caustic 
alkalies,  and  yields  cyanogen  when  heated  in  an  atmo¬ 
sphere  of  carbonic  oxide  or  carbon  dioxide.  It  has  the 
composition  Mg3N2. 

Tessie  de  Motay  in  1872  (fsb.  client.  Tech.,  1873,  279  ; 
Ber.,  1872,  395)  announced  that  titanium  nitride  could  be 
made  to  yield  ammonia  by  the  aCtion  of  steam,  and  could 
then  be  regenerated  by  submitting  it  to  a  current  of 
nitrogen  and  the  aCtion  thus  alternated  successively. 

Mallet  in  1876  ( Proc .  Am.  Ghent.  Soc.,  i.,  17)  obtained 
magnesium  nitride  by  the  combustion  of  magnesium 
powder  in  a  crucible  with  insufficient  admission  of  air. 
Other  nitrides,  of  boron,  titanium,  silicium,  &c.,  have 
been  investigated  by  Ufer,  Uhrlaub,  Wohler,  Deville,  and 
Caron  [J.pr.  Ch.,  ci.,  359;  ciii.,  230;  cv.,  69;  cx.,  248.) 

Cyanogen  from  Oxides  of  Nitrogen. 

Binks  (R.  W.,  vol.  i.,  Pt.  v.,  p.  60.  Eng.  Pat.  No. 
io,gn,  Nov.  3,  1845)  proposed  to  use  oxides  of  nitrogen 
or  vapour  of  nitric  acid  for  production  of  cyanides.  The 


*  “  Manual  of  Assaying,”  New  York,  1881,  p.  481. 

i  Journal  oj  the  American  Chemical  Society,  vol.  xi.,  Nos.  1 _ 2. 

t  The  substance  of  this  article  was  prepared  as  an  appendix  to  a 
commercial  report,  but  has  not  been  printed  heretofore  in  anv 
scientific  journal. — A.  A.  B.  3 
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gases  were  brought  in  contad  with  vapours  of  hydro¬ 
carbons  in  passing  through  a  highly  heated  cylinder  filled 
with  firebrick.  When  the  nitrogen  compounds  are  in 
excess  ammonia  is  chiefly  produced,  but  with  hydro¬ 
carbons  in  excess  cyanides  are  the  principal  produds. 
Crane  and  Jullion  (loc.  cit.)  used  a  somewhat  similar 
process,  using,  however,  an  excess  of  water-gas  (hydrogen 
and  carbonic  oxide)  mixed  with  the  oxides  of  nitrogen 
and  hydrocarbon  vapours,  and  passing  the  mixture  over  a 
hot  catalytic  substance  (platinised  asbestos)  at  a  tempera¬ 
ture  of  6oo°  F. 

Firman  [loc.  cit.,  p.  65),  and  others  have  proposed  the 
use  of  waste  gases  of  the  sulphuric  acid  chamber  (nitrogen, 
oxides  of  nitrogen,  &c.),  for  the  same  purpose. 

A  process  suggested  by  Roussin  in  1858  (Comptes  Rend., 
Ixvii.,  875  ;  J.  pr.  Ch.,  Ixxviii.,  375)  uses  oxides  of 
nitrogen  in  a  different  way  and  recalls  the  very  early 
methods  of  Diesbach  and  Woodward  ( ante ),  With  the 
objed  of  converting  nitrates  into  cyanides  he  made  the  fol¬ 
lowing  experiment : — Four  equivalents  of  crude  potassium 
acetate  were  mixed  with  three  of  potassium  nitrate  (nitre) 
and  five  of  potassium  hydrate  or  carbonate,  and  heated 
in  a  porcelain  crucible  to  350°  C.  The  mass  burned 
briskly,  leaving  a  black  residue,  which,  on  lixiviation, 
yielded  potassium  cyanide  and  carbonate.  By  addition 
of  coal  powder,  to  make  up  for  the  deficiency  of  carbon  in 
the  organic  acid,  an  increased  yield  of  cyanide  was  ob¬ 
tained,  but  still  short  of  the  theoretical  result.  Previous 
redudionsof  the  nitrate  to  nitrite  yielded  better  results, and 
a  mixture  of  potassium  acetate  and  nitrite  with  lampblack 
gave  2’6  parts  of  Berlin  blue  (dried  at  ioo°C.)  to  13  parts 
of  acetate,  and  an  ammoniacal  odour  during  the  operation 
showed  a  loss  of  nitrogen.  Potassium  tartrate  yielded 
little  cyanide  when  used  to  replace  the  acetate,  a  fad 
already  announced  by  Guibourd.  Roussin  suggested  that 
a  commercial  process  could  be  based  on  the  use  of  crude 
sodium  nitrate  and  acetate. 

(To  be  continued). 
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Dr.  W.  J.  Russell,  F.R.S.,  President,  in  the  Chair. 


Certificates  were  read  for  the  first  time  in  favour  of 
Messrs.  J.  Caird,  20,  Springfield,  Dundee  ;  D.  G.  Clark, 
44,  St.  John’s  Wood  Park,  N.W. ;  Walter  Henry  Cole¬ 
man,  41,  Poynings  Road,  Junction  Road,  N.;  Thomas 
Rhymer  Marshall,  4,  East  Castle  Road,  Edinburgh ; 
William  Alexander  McCubbin,  Mill  Bank  House,  West 
Derby,  Liverpool ;  William  Stagg,  52,  Seymour  Road, 
Bristol. 

Of  the  following  papers,  those  marked  *  were  read  :  — 

*51.  “Invertase  :  a  Contribution  to  the  History  of  an 
Enzyme  or  Unorganised  Ferment .”  By  C.  O’Sullivan, 
F.R.S.,  and  Fred.  W.  Tompson. 

The  substance  present  in  yeast,  &c.,  known  as  invertase, 
which  possesses  the  power,  under  suitable  conditions,  of 
inducing  the  hydrolysis  of  cane-sugar,  has  been  studied 
by  the  authors  with  the  object  of  determining  the  precise 
manner  in  which  it  ads  and  its  constitution. 

The  method  adopted  in  determining  the  functions  of 
invertase  is  essentially  that  developed  by  Vernon 
Harcourt  in  his  paper  “  On  the  Observation  of  the 
Course  of  Chemical  Change.”  A  solution  of  cane-sugar 
was  mixed  with  a  measured  amount  of  invertase,  and  the 
adion  was  allowed  to  take  place  at  a  known  temperature 
during  a  definite  time  ;  adion  was  then  stopped  by  the 
addition  of  alkali,  and  its  extent  determined. 

The  authors  arrive  at  the  following  conclusions  :  — 


1.  The  rate  of  hydrolysis  of  cane-sugar  by  means  of 
invertase  may  always  be  expressed  by  a  definite  time- 
curve  ;  this  curve  is  pradically  that  given  by  Harcourt  as 
expressing  a  chemical  change  “  of  which  no  condition 
varies  excepting  the  diminution  of  the  changing  sub¬ 
stance.”  There  are,  however,  some  slight  and  apparently 
constant  variations  from  the  theoretical  curve. 

2.  Whatever  the  conditions  may  be  under  which  hydro¬ 
lysis  is  taking  place,  as  long  as  these  conditions  remain 
unchanged,  this  curve  is  adhered  to. 

3.  When  the  degree  of  acidity  is  that  most  favourable 
for  the  adion  of  invertase,  the  rapidity  of  the  adion  is  in 
proportion  to  the  amount  of  invertase  present. 

4.  The  most  favourable  concentration  of  the  sugar 
solution  at  a  temperature  of  54°  C.  is  about  20  per  cent. 
Below  that  there  is  a  rapid  decline  in  the  speed  of  hydro¬ 
lysis.  Greater  concentrations  are  only  slightly  less 
favourable  until  about  40  grms.  per  100  c.c.  is  reached.  In 
saturated  solutions  hydrolysis  only  proceeds  with  extreme 
slowness. 

5.  The  speed  of  hydrolysis  increases  rapidly  with  the 
temperature  until  55  —  60°  C.  is  reached.  At  65°  C.  the 
invertase  is  slowly  destroyed,  and  at  75°  C.  it  is 
immediately  destroyed.  At  the  lower  temperatures  the 
speed  of  the  adion  increases  with  rise  of  temperature  in 
accordance  with  Harcourt’s  law :  the  rate  being  about 
doubled  for  io°  rise ;  but  above  30°  C.  the  increase  is  not 
nearly  so  rapid. 

6.  Elevated  temperatures  have  no  permanent  effed  on 
the  adivity  of  the  invertase  so  long  as  they  are  not  suffi¬ 
ciently  high  to  destroy  it. 

7.  The  caustic  alkalies,  even  in  very  small  proportions, 
are  instantly  and  irretrievably  destrudive  of  invertase. 

8.  Minute  quantities  of  sulphuric  acid  are  exceedingly 
favourable  to  the  adion,  but  a  slight  increase  of  acidity 
beyond  the  most  favourable  point  is  very  detrimental. 
The  most  favourable  amount  of  acid  increases  to  some 
extent  with  the  proportion  of  invertase,  and  decreases 
with  rise  of  temperature,  but  the  authors  have  not  been 
able  to  discover  on  what  it  depends. 

9.  In  studying  the  adion  of  invertase  it  is  of  the  utmost 
importance  that  the  most  favourable  amount  of  acid 
should  be  employed;  otherwise,  corred  results  cannot  be 
obtained.  At  a  temperature  of  6o°  C.  the  adion  is  almost 
stopped  unless  exadly  the  right  amount  of  acid  is  used, 
whilst  if  this  fador  is  properly  adjusted  hydrolysis  pro¬ 
ceeds  at  (probably)  the  maximum  speed. 

10.  The  influence  of  alcohol  varies  in  dired  proportion 
with  the  amount  present.  5  per  cent  of  alcohol  decreases 
the  speed  of  the  adion  by  about  one-half. 

11.  The  dextrose  formed  by  the  adion  of  invertase  is 
initially  in  the  birotatory  state. 

12.  The  optical  adivity  of  a  solution  undergoing  hydro¬ 
lysis  is  no  guide  to  the  amount  of  hydrolysis  that  has 
taken  place. 

13.  If  a  caustic  alkali  be  added  to  a  solution  undergoing 
hydrolysis,  and  the  optical  adivity  be  allowed  sufficient 
time  to  become  constant,  it  is  a  true  indicator  of  the 
amount  of  inversion  that  had  taken  place  at  the  moment  of 
adding  the  alkali. 

14.  A  sample  of  invertase  which  had  induced  hydro¬ 
lysis  of  100,000  times  its  own  weight  of  cane-sugar  was 
still  adive. 

15.  Invertase  itself  is  not  injured  or  destroyed  during 
its  adion  on  cane-sugar. 

16.  There  is  no  limit  to  the  amount  of  sugar  which 
can  be  hydrolysed  with  the  aid  of  invertase. 

17.  The  hydrolysis  of  cane-sugar  by  means  of  invertase 
is  a  simple  chemical  change  differing  in  no  important  way 
from  those  which  inorganic  substances  undergo. 

18.  The  produds  of  hydrolysis  have  no  influence  on 
the  rate  of  the  adion. 

19.  A  solution  of  invertase  will  withstand  a  tempera¬ 
ture  25°  C.  higher  in  the  presence  of  cane-sugar  than  in 
its  absence. 

20.  The  authors  are  of  opinion  that  when  invertase  in- 
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verts  cane-sugar  combination  takes  place  between  the 
two  substances,  and  that  the  invertase  remains  in  com¬ 
bination  with  the  invert  sugar.  This  combination  breaks 
up  in  the  presence  of  molecules  of  cane-sugar. 

21.  A  means  of  estimating  the  activity  of  a  material 
containing  invertase  has  been  devised  which  consists  in 
recording  the  result  by  means  of  the  time  fadlor  -\-o  =  x  min. 
In  this  equation  +0=  a  certain  definite  amount  of 
work,  and  *  =  the  time  necessary  to  perform  it.  The 
expression  means  that  the  given  inverting  material  takes 
#  minutes  to  invert  a  standard  amount  of  cane-sugar 
under  standard  conditions.  The  number  *  varies  in  in¬ 
verse  proportion  to  the  adtual  amount  of  invertase  con¬ 
tained  in  the  material  or  materials  under  examination. 

22.  If  sound  brewers’  yeast  be  pressed  and  then  kept  at 
the  ordinary  temperature  for  a  month  or  two,  it  does  not 
undergo  putrefradlion,  but  changes  into  a  heavy  yellow 
liquid  ;  the  produdt  possesses  no  power  of  fermentation, 
but  an  apparent  increase  takes  place  in  the  invertive 
power. 

23.  From  such  liquefied  yea»t  it  is  easy  to  filter  off  a 
bright  solution  of  high  hydrolytic  power.  It  is  shown 
that  all  the  invertase  of  the  yeast  is  in  this  solution, 
which  is  termed  yeast  liquor. 

24.  Yeast  liquor  has  a  relative  density  of  about  1080. 
It  will  remain  for  a  long  time  unaltered,  excepting  that 
the  colour  darkens.  If  exposed  to  the  air  it  may  slowly 
become  covered  with  mould. 

25.  If  spirit  be  added  to  the  yeast  liquor  until  the  mix¬ 
ture  contains  47  per  cent  of  alcohol,  the  whole  of  the  in¬ 
vertase  separates  with  only  a  slight  loss  of  power.  This 
precipitated  invertase  may  be  washed  with  spirit  of  the 
same  strength  and  then  the  residue  either  dehydrated 
with  strong  alcohol  and  dried  in  vacuo,  or  else  it  may  be 
extracted  by  means  of  10  to  20  per  cent  alcohol  and  then 
filtered.  The  filtrate  contains  the  invertase.  On  one 
occasion  the  extent  of  the  loss  involved  by  this  process 
was  determined,  and  it  was  found  that  all  the  invertase 
of  the  yeast  liquor  was  present  in  the  filtrate  except  i2-3 
per  cent. 

26.  The  authors  have  not  succeeded  in  further  purifying 
invertase  preparations  carefully  made  in  this  manner.  The 
slightest  attempt  at  purification  destroys  the  invertase. 

27.  They  have  prepared  invertase  almost  free  from  ash. 

28.  The  inverting  power  of  pressed  English  yeast  varies 
from  o  =  1000”  to  ^o  =  +3000",  or  about  J  of  these 
amounts  if  calculated  on  the  dry  solid  matter  of  the 
yeast. 

29.  The  inverting  power  of  the  most  adfive  invertase 
preparation  made  was  ^o=2yi  on  the  dry  solid  matter. 
It  is  believed  that  pure  invertase  would  approximately 
have  ±0  =  22-5  min. 

30.  The  dry  solid  matter  of  yeast  contains  from  2  to  6 
per  cent  of  invertase.  5-8  per  cent  of  invertase  was 
separated  from  one  sample  of  yeast. 

31.  During  the  preparation  of  invertase  from  yeast 
liquor  an  albumenoid  is  obtained,  which  is  not  re¬ 
dissolved  by  water.  This  is  termed  yeast  albumenoid. 

32.  Invertase  when  it  approaches  a  pure  state  is  a  very 
unstable  substance.  The  products  of  its  decomposition 
have  been  carefully  examined  and  are  found  to  constitute 
a  new  series  of  substances  belonging  to  the  invertan 
series. 

33.  The  invertan  series  is  a  homologous  series  of  sub¬ 
stances  which  on  analysis  yield  numbers  which  may  be 
expressed  in  terms  of  an  albumenoid  and  a  carbohydrate. 
Seven  members  of  the  series  are  described. 

34.  The  authors  consider  that  invertase  itself  is  a 
member  of  the  invertan  series  and  call  it  /3-invertan. 

35.  If  the  produdts  of  the  decomposition  of  /3-invertan 
are  examined,  it  is  usually  found  that  they  consist  of  a- 
and  5-invertan.  The  former  contains  more,  and  the  latter 
less,  nitrogen  than  invertase. 

36.  a-Invertan  is  insoluble  in  water,  and  in  all  its  other 
properties  seems  to  resemble  yeast  albumenoid.  It  con¬ 
tains  8*35  per  cent  N.  It  is  a  very  stable  substance. 


37.  /3-Invertan  or  invertase  is  soluble  in  water,  and  is 
the  only  member  of  the  series  which  has  the  power  of 
inverting  cane-sugar.  It  contains  about  3  69  per  cent  N, 
and  its  optical  adtivity  is  [a]j  =  +8o°  (?). 

38.  y-  and  S-invertan  are  the  products  of  the  simplifi¬ 
cation  of  invertase.  One  or  other  of  these  two  substances 
seems  invariably  to  be  formed.  They  both  contain  less 
nitrogen  than  invertase,  and  are  always  accompanied  by 
a-invertan.  Both  are  readily  soluble  in  water.  They 
contain  respeftively  3-i5  and  2'43  per  cent  N,  and  their 
optical  adtivity  is  [a]j  =  +45°  and  +  540. 

39.  t-Invertan  is  formed  from  the  slow  breaking  down 
of  5-invertan.  At  the  same  time  an  insoluble  substance, 
resembling  a-invertan,  is  formed.  This  probably  consists 
of  another  member  of  the  series  coming  between  a-  and 
jS-invertan.  s-Invertan  is  soluble  in  water,  and  has 
[a]j  =  +65°.  It  contains  2'oy  per  cent  N. 

40.  ((-Invertan  results  from  the  splitting  up  of  £-invertan 
in  the  same  way  that  the  latter  is  formed  from  ^-invertan. 
Its  optical  adtivity  is  [a]i  =  +750,  and  it  yields  i-6i  per 
cent  N. 

41.  rj-Invertan  is  formed  by  the  adtion  of  boiling  sul¬ 
phuric  acid  on  C-mvertan.  It  contains  less  nitrogen  than 
the  latter  substance,  but  the  substance  has  not  yet  been 
sufficiently  investigated  to  give  reliable  figures. 

42.  The  further  produdts  of  the  adtion  of  sulphuric  acid 
on  ^-invertan  are  two  soluble  substances,  one  containing 
a  considerable  amount  of  nitrogen,  and  the  other  with 
little  or  no  nitrogen,  a  high  cupric  reducing  power,  and  a 
low  (dextrorotatory)  optical  adtivity. 

43.  The  properties  of  all  the  members  of  the  series, 
except  a-invertan,  are  very  similar.  They  are  all  soluble 
in  water  forming  bright  solutions,  which  do  not 
cloud  on  boiling.  3  hey  are  all  readily  thrown  out  of 
solution  by  alcohol,  provided  a  little  acid  is  present ;  the 
precipitates  so  formed  are  transparent  colourless  syrups, 
miscible  with  water  in  all  proportions.  The  solutions  are 
all  dextrorotatory. 

44.  All  the  members  of  the  invertan  series,  except 
?}-invertan,  yield  a  pink  colouration  on  boiling  with 
Millon’s  reagent. 

45.  All  the  members  of  the  invertan  series,  except 
a-invertan,  when  submitted  to  the  adtion  of  an  alkaline 
copper  solution,  readily  yield  a  very  charadteristic  copper 
compound,  from  which  the  invertan  (except  /8-invertan) 
may  be  separated  unaltered.  Invertan  can  probably  form 
several  such  copper  compounds,  all  having  a  similar 
appearance  but  affording  different  percentages  of  copper 
oxide. 

46.  In  the  presence  of  a  very  large  excess  of  alkali,  a 
copper  compound  is  also  formed  from  a-invertan,  but  on 
examination  it  is  found  that  the  a-invertan  has  been  split 
up  into  an  albumenoid  and  ((-invertan,  the  copper 
compound  being  that  of  ((-invertan. 

47.  It  is  believed  that  the  members  of  the  invertan 
series  are  combinations  of  yeast  albumenoid  with 
jj-invertan,  and  that  yeast  albumenoid  itself  is  probably  a 
combination  of  yeast  albumenoid  with  a  carbohydrate. 

48.  According  to  this  theory  the  composition  of  the 
carbohydrate  present  in  the  invertan  series,  calculated 
from  the  average  of  all  the  analyses,  would  be  C  =  43-22 
per  cent  and  H  =  6-28  per  cent.  These  numbers  agree 
very  closely  with  those  required  by  a  hypothetical  carbo¬ 
hydrate  coming  midway  between  the  in  and  the  on 
groups. 

49.  It  is  thought  that  17-invertan  contains  18  parts  by 
weight  of  this  carbohydrate  to  1  of  albumenoid,  and  that 
a-invertan  contains  3  parts  of  the  carbohydrate  to  4  of 
albumenoid. 

59.  The  other  members  of  the  series  are  formed  by  the 
union  of  these  two  substances  according  to  the  general 
formula  rj  +  an,  where  tj  represents  rj-invertan  and  a 
represents  a-invertan.  In  this  way  we  look  upon  inver¬ 
tase  (/3-invertan)  as  r)a5.  This  splits  up  into  a-  and  7* 

I  invertan  according  to  the  formula  tja&  =  4a.,  -f-  a.  17a., 
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represents  y-invertan,  and  this  may  be  further  trans¬ 
formed  by  elimination  of  a  into  rjct3,  or  5-invertan. 

60.  The  numbers  calculated  for  the  constitution  of  the 
above  theoretical  homologous  series  agree  with  consider¬ 
able  closeness  with  those  obtained  from  the  analysis  of 
members  of  the  invertan  series. 

61.  The  number  obtained  from  a  single  determination  by 
Raoult’s  freezing  process  for  the  molecular  weight  of  C- 
invertan  is  considerably  less  than  the  possible  molecular 
weight  of  ^-invertan,  according  to  the  authors’  theory  of 
its  constitution. 

*52.  “  The  Action  of  Carbon  Monoxide  on  Nickel .”  By 
Ludwig  Mond,  C.  Langer,  Ph.D.,  and  F.  Quincke, 
Ph.D. 

When  carbon  monoxide  is  passed  over  finely  divided 
nickel,  such  as  is  obtained  by  reducing  nickel  oxide  by 
hydrogen  at  about  400°,  at  a  temperature  between  350° 
and  450°,  carbon  dioxide  is  formed,  and  the  nickel  is 
gradually  converted  into  a  black  amorphous  powder,  con¬ 
sisting  of  carbon  and  nickel ;  the  composition  of  this 
deposit  varies  widely  with  temperature  and  time.  A 
small  quantity  of  nickel  can  thus  change  a  very  large 
amount  of  carbon  monoxide,  the  aftion  being  complete 
and  rapid  at  first,  and  continuing,  although  at  a 
diminished  rate  for  several  weeks.  A  product  containing 
as  much  as  85  parts  carbon  to  15  parts  nickel  has  been 
obtained.  Acids  only  partially  remove  the  nickel ;  the 
carbon  is  very  readily  adted  on  by  steam,  carbon  dioxide, 
and  hydrogen  without  a  trace  of  carbon  monoxide  being 
formed  at  a  temperature  of  350°. 

On  allowing  the  substance  to  cool  in  a  current  of  car¬ 
bon  monoxide,  it  was  noticed  that  the  flame  of  a  Bunsen 
burner  into  which  the  escaping  gas  was  introduced  be¬ 
came  luminous,  and  when  the  tube  through  which  the 
gas  passed  was  heated,  a  deposit  of  nickel,  mixed  with  a 
small  quantity  of  carbon,  was  obtained.  The  authors 
were  thus  led  to  discover  the  existence  of  a  volatile  nickel 
compound. 

To  prepare  this  compound,  a  combustion  tube  is  filled 
with  nickel  oxide,  and  this  is  reduced  by  hydrogen  at 
about  400°;  after  cooling  the  nickel  to  about  100°, 
pure  dry  carbon  monoxide  is  passed  over  it  without 
further  heating,  and  the  issuing  gas  is  led  through 
a  tube  placed  in  a  freezing  mixture  :  the  major  portion 
of  the  nickel  compound  condenses  as  a  colourless 
liquid,  but  the  gas  retains  about  5  per  cent,  and  is  there¬ 
fore  collected,  dried,  and  again  passed  over  the  metal. 
When  no  more  liquid  condenses,  the  nickel  is  again 
heated  to  about  400'  in  a  slow  current  of  pure  carbon 
monoxide  ;  it  is  then  cooled  to  about  100°,  and  again  sub¬ 
mitted  to  the  a&ion  of  the  gas. 

Nickel  carbon  oxide  thus  prepared  is  a  colourless  liquid 
which  boils  at  430  under  751  m.m.  pressure;  its  relative 
density  at  170  is  1-3185.  It  solidifies  at  —  250  to  a  mass 
of  needle  shaped  crystals.  Its  composition  is  represented 
by  the  formula  Ni(C04).  It  dissolves  in  alcohol,  and  , 
more  readily  in  benzene  and  chloroform  ;  dilute  acids  and  ' 
alkalies  have  no  adtion  on  it,  but  it  is  oxidised  by  concen- ' 
trated  nitric  acid.  It  reduces  an  ammoniacal  solution  of 
cupric  chloride,  and  it  also  causes  the  separation  of  silver 
from  an  ammoniacal  solution  of  silver  chloride.  It 
interacts  with  chlorine,  forming  nickel  chloride  and 
carbon  oxychloride.  It  is  decomposed  at  1800  (in  boiling 
aniline  vapour)  into  nickel  and  carbon  monoxide.  The 
atomic  weight  of  the  deposited  metal  was  found  in  three 
experiments  to  be  58-52 — 58-64,  a  result  closely  corres¬ 
ponding  with  Russell’s  value,  58-74. 

Numerous  experiments  to  obtain  similar  compounds 
with  other  metals,  notably  with  cobalt,  iron,  copper,  and 
platinum,  led  to  negative  results.  On  experimenting  with 
specially  purified  cobalt,  in  the  beginning  a  slight  colora¬ 
tion  of  the  Bunsen  flame  into  which  the  gas  was  led  was 
noticed,  but  after  a  time  this  was  no  longer  observed. 
Commercial  cobalt  afforded  a  gas  which  deposited  a 
mirror  of  pure  nickel,  it  being  possible,  in  fadt,  to  purify 
cobalt  from  nickel  by  carbonic  oxide.  The  nickel  mirrors 


obtained  by  heating  the  carbonic  oxide  compound  do  not 
appear  to  contain  any  trace  of  cobalt. 

*53.  “  The  Interaction  of  Iodine ,  Water,  and  Potasiium 
Chlorate .”  By  Henry  Bassett. 

The  author  finds  that  the  usual  statement  that  the 
chlorine  in  potassium  chlorate  is  diredtly  displaced  by 
iodine  when  subjected  to  treatment  in  accordance  with 
Millon’s  directions  is  incorredt ;  he  considers  that  the 
evolution  of  chlorine  observed  by  Millon  is  due  to  a 
secondary  interaction,  H103  4-5HC1  =  3H20  +  ICI  +  2CI2, 
which  takes  place  when  the  iodine  is  added  all  at  once, 
and  is  due  doubtless  to  the  rapid  formation  of  iodic  acid 
and  hydrogen  chloride  within  the  dense  mass  of  iodine. 
His  experiments  show  that  the  iodate  is  formed  in  ac¬ 
cordance  with  the  equation — 

6I2  +  10KCIO3+6H2O  =  6KHI306+4KCl-f  6HC1  ; 

and  that  on  evaporating  the  solution  to  dryness  on  the 
water-bath,  decomposition  of  a  portion  of  the  biniodate 
takes  place  : — 

KHl206  +  i2HCl  =  KCl  +  6H20  +  ICl  +  ICl-HCl+4Cl2. 

*54.  “  The  Milk  of  the  Gamoose."  By  A.  Pappel  and 
H.  D.  Richmond,  Khedival  Laboratory,  Cairo. 

The  milk  of  the  Egyptian  gamoose  or  buffalo  ( Bos 
Bubalus)  is  distinguished  from  that  of  the  cow  by  its 
white  colour  and  peculiar  musk-like  smell.  The  authors 
find  the  average  composition  to  be  as  follows  : — 


Water . 84-10 

Fat .  5-56 

Sugar  .  5-41 

Casein .  3-26  containing  N  0-511 

Albumen  ..  ..  o-6o  ,,  ,,  0-094 

Nitrogen  bases  ..  cog  ,,  ,,  0-035 

Salts  .  1-03 


The  fat  was  found  to  vary  from  7-35  to  5-15  per  cent, 
and  the  solids  not  fat  from  10-67  t0  10-07  Per  cent.  The 
average  relative  density  at  15-5°  was  1-0354;  the  increase 
in  eight  hours  after  milking  was  0-0006,  and  in  twenty- 
four  hours  0-0007.  Gamoose  milk,  therefore,  differs 
from  that  of  the  cow,  both  in  the  high  percentage  of  fat 
and  of  solids  not  fat,  the  increase  in  the  latter  being 
largely  due  to  the  sugar. 

Comparing  the  fat  with  that  of  cows’  milk,  the  chief 
differences  noted  by  the  authors  are,  (1)  the  presence  of 
small  quantities  of  sulphur  and  phosphorus  ;  (2)  the  pre¬ 
sence  of  fatty  acids  soluble  in  boiling  water,  but  not 
volatile  in  much  larger  amount  than  in  cows’  milk  ;  (3) 
the  pretence  of  fatty  acids  giving  lead  salts  soluble  in 
ether  but  not  members  of  the  oleic  series  ;  (4)  the  differ¬ 
ence  in  the  ratio  between  caproic  and  butyric  acid — 4:  1 
instead  of  2:  1.  Other  alcohols  than  glycerol  do  not  ap¬ 
pear  to  be  present. 

The  sugar  appears  not  only  to  be  different  from  milk 
sugar,  but  novel,  its  rotatory  power  being  (_«)] D  =  48*7,  and 
its  cupric-reducing  power  £  =  73-7;  it  yields  only  dextrose 
on  hydrolysis.  It  is  proposed  to  name  it  tewfikose. 

The  authors  also  state  that  the  milk  contains  a  small 
amount  of  citric  acid. 

(To  be  continued). 
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Note. — All  degrees  of  temperature  are  Centigrade  unless  otherwise 
expressed. 

Comptes  Rendus  Hebdomadaires  des  Seances,  de  'Academie 
des  Sciences.  Vol.  cxi.,  No.  5,  August  4,  1890. 

The  Exhaustion  of  Soils  by  Cultivation  without 
Manures.  Second  Memoir:  Study  of  Drainage 
Water. — P.  P.  Deherain. — The  author  has  studied  the 
cultivation  of  the  experimental  fields  of  Grignon,  which 
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have  been  kept  without  manure  since  1875.  The  fields 
still  yield  good  crops  of  oats ;  the  yield  of  wheat  is  toler¬ 
able,  but  the  cultivation  of  beets  and  of  clover  has 
become  impossible.  On  proceeding  to  a  comparative 
analysis  of  the  exhausted  soils  and  of  some  neighbouring 
soils  which  have  been  well  manured  he  found  that  the 
respective  quantities  of  nitrogen,  phosphoric  acid,  and 
potassa  differed  very  little,  but  the  carbon  in  the  organic 
matter  varied  from  a  single  to  a  double  proportion  ;  in 
the  unmanured  lands  there  were  only  7  grms.  of  organic 
carbon  per  kilo,  of  soil  as  against  15  to  16  grms.  in  the 
manured  soils.  Hence  he  resolved  to  ascertain  whether 
(1)  the  decrease  of  the  organic  matter  occasioned  their 
more  rapid  desiccation,  i.e.,  a  less  aptitude  to  retain 
moisture,  and  (2)  whether  the  organic  matter  of  the  ex¬ 
hausted  soils  had  lost  the  power  of  producing  nitrates.  In 
the  experiments  carried  on  from  November,  1888,  to 
November,  1889,  the  author  found  that  the  differences  in 
humidity  were  very  slight.  He  now  examines  the  second 
question :  if  the  organic  matter  of  the  exhausted  soils 
was  capable  or  incapable  of  producing  a  sufficient  quantity 
of  nitrates  for  the  demands  of  good  crop.  He  now  finds, 
by  gauging  and  analysing  the  drainage  waters  respectively 
from  the  manured  and  the  unmanured  lands,  that  in 
their  aptitude  for  the  production  of  nitrates  there  is  no 
difference  sufficient  to  explain  why  the  one  soil  is  fertile 
and  the  other  barren. 

The  Density  of  Nitrogen  and  Oxygen  according  to 
Regnault,  and  the  Composition  of  Air  according  to 
Dumas  and  Boussingault. — A.  Leduc. — The  author 
finds  a  discrepancy  between  the  results  of  Regnault  and 
the  composition  of  the  atmosphere  as  given  by  Dumas 
and  Boussingault,  which  he  thinks  can  be  accounted  for 
only  by  an  error  on  the  part  of  Regnault. 

Reactions  of  the  Salts  of  the  Alkaloids. — Albert 
Colson. — In  studying  the  action  of  bases  upon  dissolved 
salts,  the  author  finds  some  endothermic  reactions  both 
within  and  outside  of  liquids  at  low  and  sensibly  constant 
temperatures.  In  these  reactions  the  laws  of  Berthollet 
seem  to  predominate  over  the  thermic  laws.  For  bases 
of  the  same  order  the  laws  of  Berthollet  are  applicable, 
whatever  is  the  direction  of  the  heats  liberated. 

Division  of  Hydrogen  Sulphide  between  the 
Metals  of  Two  Dissolved  Salts. — G.  Chesneau. — The 
author’s  experiments  show  that  in  the  incomplete  pre¬ 
cipitation  of  copper  and  lead  nitrates  dissolved  in  equal 
equivalents  by  hydrogen  sulphide,  the  division  of  the 
hydrogen  sulphide  between  the  two  metals  takes  place  in 
the  direction  indicated  by  the  formation-heats  of  the  sul¬ 
phides,  and  varies  progressively  with  the  quantity  of 
H2S.  The  proportion  of  the  copper  to  the  lead  precipi¬ 
tated  by  H2S  varies  with  the  time  ;  it  decreases  at  first, 
reaches  a  minimum  after  a  few  minutes,  and  then  slowly 
increases. 

Some  Derivatives  of  Acetyl-acetone. — A.  Combes. 
— The  author  has  obtained  and  studied  the  cupric  deriva¬ 
tive  of  monochloroacety  lacetone. 

Combinations  of  Haemoglobine  with  Carbonic 
Acid  and  with  a  Mixture  of  Carbonic  Acid  and 
Oxygen. — Christian  Bohr. — The  following  combinations 
of  haemoglobine  and  carbonic  acid  have  been  observed : — 
(1)  A  haemoglobine  which,  at  a  pressure  of  C02  =  6o  m.m. 
at  a  temperature  of  18°  fixes  about  3  c.c.  of  C02.  This 
the  author  designates  carbohaemoglobine  7 ;  (2)  a  hsemo- 
globine  which,  at  the  same  pressure  and  the  same  tem¬ 
perature,  fixes  about  6  c.c.  of  C02  (carbohaemoglobine  $) ; 
(3)  a  haemoglobine  observed  by  Jobin  which,  under  the 
same  conditions,  fixes  1*5  c.c.  C02  (carbohaemoglobine  $). 
If  a  solution  of  haemoglobine  is  shaken  up  with  a  mixture 
of  oxygen  and  carbonic  acid,  the  haemoglobine  absorbs 
both,  forming  with  them  an  unstable  compound,  and  this 
as  if  each  gas  were  alone.  As  the  carbonic  acid  and  the 
oxygen  are  absorbed  independently  of  each  other,  we  may 
admit  that  they  are  fixed  by  different  parts  of  the  haemo¬ 
globine. 
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Colouration  of  Silk  by  the  Food  of  the  Silkworm. 
— Louis  Blanc. —  Only  some  very  soluble  and  very 
diffusible  dyes,  such  as  magenta,  are  capable  of  being 
absorbed  by  the  intestinal  epithelium  of  the  silkworm ; 
such  substances  may  then  colour  the  cellules  of  the 
organs  which  secrete  silk,  but  they  do  not  colour  the 
product  secreted.  The  coloured  silks  which  have  been 
obtained  by  submitting  silkworms  to  some  special  diet 
are  very  probably  merely  charged  externally  with 
coloured  dust. 


Societe  Nationale  d' Encouragement  pour  VIndustre. 

Session  of  July  25,  i8go. 

M.  de  Luynes  presented,  on  behalf  of  M.  Reines, 
specimens  of  synthetic  phenic  acid  prepared  at  Neuville- 
sur-Saone  at  the  branch  works  of  the  Baden  Aniline 
Company.  This  acid  is  quite  colourless;  it  melts  at 
410,  boils  at  178°,  and  yields  limpid  solutions.  Its  slight 
odour  differs  from  that  of  the  purest  phenols  of  commerce. 
On  account  of  its  properties  and  its  low  price  it  is  likely 
to  supersede  ordinary  phenol  in  its  applications  to  medi¬ 
cine,  to  the  preservation  of  putrescible  articles,  and  in 
the  manufacture  of  chemical  products. 

M.  Le  Chatelier  made  a  communication  on  the 
measurement  of  high  temperatures  developed  in  furnaces. 
The  indications  of  Wedgwood  are  not  comparable  among 
themselves  ;  the  air-thermometer  has  to  be  rejected  on 
account  of  its  fragility  and  its  complicated  nature.  Very 
commonly  industrialists  judge  of  temperatures  by  the 
colour  of  the  radiations  emitted.  This  process  may  be 
improved  by  the  use  of  a  cobalt  glass,  or  better,  of  an 
optical  system  consisting  of  quartz  between  two  Nicols, 
which  renders  it  possible  to  arrest  at  will  one  of  the  mean 
radiations  of  the  speCtrum.  The  most  exaCt  of  the  pyro¬ 
meters  proposed  is  the  thermo-eleCtric  apparatus  devised 
in  1832  by  Becquerel,  and  now  rendered  practicable  by 
the  removal  of  certain  difficulties  of  detail. 

M.  Lion  presented  a  photometric  balance,  depending 
on  the  destructive  action  which  light  exerts  on  nitrogen 
iodide.  If  obtained  by  allowing  ammonia  at  220  to  aCt 
upon  iodine,  this  substance  may  be  managed  without  the 
slightest  danger  if  it  is  kept  in  the  liquid,  and  it  yields  a 
supply  of  nitrogen  which  varies  with  the  intensity  of  the 
illumination.  The  liberation  of  nitrogen  begins  and 
ceases  instantly  with  the  luminous  impression. 


Bulletin  de  la  Societe  ’ d’ Encouragement  pour  I'industrie 
Nationale.  Series  4,  Vol.  v.,  No.  54. 

Raffinose. —  L.  Lindet. —  It  is  disputed  whether 
raffinose  pre-exists  in  beets  or  if  it  is  formed  under  the 
influence  of  weak  alkalies.  According  to  MM.  Tollens 
and  Richbeil  it  is  identical  with  the  gossypose  from 
cotton-seed.  It  cannot  be  confounded,  as  Schiebler  and 
Tollens  pretend,  with  Berthelot’s  melitose.  This  substance 
can  be  split  up  into  raffinose  and  eucalyne.  Its  taste 
is  but  slightly  sweet.  Its  composition  is  C36H32032ioHO. 
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A  SYLLABUS  containing  full  information  as  to  the  various 
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AMMONIA  FORMED  BY  BURNING  METALLIC 
MAGNESIUM  IN  CONTACT  WITH 
ATMOSPHERIC  AIR. 

By  P.  L.  ASLANOGLOU. 

We  all  know  that  by  burning  metallic  magnesium  in 
contadt  with  atmospheric  air  it  burns  with  a  bright  white 
light  rich  in  chemically  adtive  rays,  forming  magnesium 
oxide  (MgO),  the  only  oxide  as  yet  known,  which  is 
liberated  from  the  metallic  magnesium  as  a  fine  white 
powder.  But  there  is  still  a  portion  of  burnt  magnesium 
remaining  in  the  dish,  and  this  is  magnesium  hydrate — 
Mg(OH)2. 

In  November  last  (1889)  I  was  experimenting  with 
magnesium.  I  was  burning  an  ounce  of  magnesium  dust 
(superior  quality)  in  an  iron  dish  by  setting  fire  directly 
to  the  powder ;  it  burnt  as  usual,  and  on  cooling  I  ex¬ 
amined  what  remained  and  found  that  a  strong  smell  of 
ammonia  proceeded  from  the  remaining  powder,  mag¬ 
nesium  hydrate  ;  I  have  repeated  the  same  experiment 
several  times  with  all  the  different  qualities  or  specimens 
of  magnesium  dust  I  could  get,  and  they  all  gave  the 
same  result;  I  have  also  burnt  magnesium  wire,  which 
likewise  gave  the  same  result. 

From  results  obtained  I  have  concluded  that  mag¬ 
nesium  burns  in  contadt  with  the  oxygen  of  the  air, 
forming  magnesium  oxide  ;  and  that  it  also  burns  with 
the  nitrogen  and  forms  ammonia  and  magnesium  hydrate, 
absorbing  at  the  same  time  the  aqueous  vapour  of  the 
atmosphere. 

Mg  +  0  =  MgO. 

3Mg  +  2N  =  Mg3N2. 

Mg3N2  +  6H20  =  2NH3+3Mg(0H)2. 

It  is  evident,  therefore,  that  the  quantitative  amount  of 
nitrogen  and  aqueous  vapour  contained  in  this  magnesium 
hydrate  will  vary  with  the  different  atmosphere  found  in 
different  towns,  countries,  distridts,  &c. 

I  should  think  that  by  this  experiment  we  could  esti¬ 
mate  the  composition  of  the  atmosphere,  as  its  constituents 
are  present  in  this  magnesium  mixture. 

I  have  not  yet  made  the  quantitative  analysis  of  the 
above  experiment  for  the  estimation  of  nitrogen,  but  the 
best  way  of  estimating  it  would  seem  to  be  the  fol¬ 
lowing  :  — 

By  passing  steam  through  the  powder  to  colledt  the 
ammonia  hydrate  and  receive  it  in  a  well-closed  flask, 
then  to  precipitate  it  with  platinum  chloride,  and  estimate 
the  ammonium  platino-chloride  precipitated.  This  will 
be  sufficient  to  estimate  the  ammonia,  and  consequently 
also  the  nitrogen  present,  thus : — 

H2PtCl6+2NH3=  (NH4)  JPtCle 
.•.  (NH4)2PtCld=2NH3. 

N2  =  28 
H8  =  8 

Pt  =  197-5  _  N2  =  28 

Cl6  =  213  H6  =  6 


446-5  =  34 

Suppose,  for  instance,  we  get  by  analysis  45  grms.  of 
ammonium  platino-chloride;  then  the  amount  of  NH3 
contained  will  be — 

446-5  :  34  ::  45  :  X- 

Six  months  after  this  experiment  I  was  informed 
by  an  eminent  authority  on  the  science,  to  whom 


I  imparted  my  observations,  that  this  phenomenon 
had  been  previously  observed  by  an  American.  Conse¬ 
quently  I  have  hitherto  doubted  whether  to  insert  it  in 
the  Chemical  News  or  not  ;  but,  however,  on  second 
thoughts  I  decided  to  send  the  above  to  the  editor  of  the 
Chemical  News,  asking  him  to  judge  of  my  work  and 
to  publish  it  or  not,  as  he  thinks  advisable. 

I  myself  have  not  yet  seen  a  notice  of  the  experiment 
in  question  in  any  English  chemical  paper,  but  I  may 
have  missed  it,  and  thus  have  been  anticipated  in  this 
record  without  my  knowledge. 

University  College,  London, 

Gower  Street,  W.C. 


A  SUMMARY  OF  FOOD  ANALYSES,  SHOWING 
THE  MORE  IMPORTANT  ADULTERATIONS 
THAT  MAY  BE  SUSPECTED  TO  BE 
PRESENT. 

By  H.  N.  WARREN,  Research  Analyst. 

The  accompanying  details,  which  comprise  examination 
of  some  of  our  more  important  articles  of  consumption, 
are  intended  not  so  much  to  enter  into  the  more  lengthy 
or  diredt  means  of  analysis,  but  to  state  as  briefly  as 
possible  the  numerous  adulterants  that  have  from  time  to 
time  been  met  with  by  myself. 

In  the  first  instance  I  would  mention  a  few  of  the 
worst  cases  of  adulteration  that  are  to  be  met  with  in  the 
manufacture  of  sweetmeats.  A  compound  known  by  the 
name  of  chewing  gum  has  for  years  been  sold  by  con¬ 
fectioners,  which  consists  of  about  80  per  cent  of  paraffin, 
a  small  quantity  of  sugar,  and  various  flavouring  matters. 
As  regards  the  composition  of  lozenges,  inorganic  ele¬ 
ments  play  a  considerable  part ;  for  out  of  an  average  of 
twelve  samples,  ten  contained  nothing  but  a  trace  of 
saccharine,  the  remaining  ingredients  comprising  chalk 
and  silica.  Several  samples  of  cheap  Spanish  liquorice 
contained  25  per  cent  of  clay,  and  two  samples  entirely 
placed  these  out  of  sunlight  by  being  composed  of  raw 
sugar  and  ground  coke.  Chocolate  contains  frequently 
quantities  of  sand,  fuller’s  earth,  and  iron  ore;  as  a 
colouring  agent  chromic  acid  is  frequently  resorted  to, 
and  introduced  in  the  form  of  potassium  chromate,  whereas 
a  fine  blue  is  also  frequently  imitated  by  means  of  cupric 
sulphate,  and  that  of  nickel  sulphate  when  green  is 
desired  ;  and  lastly,  but  by  no  means  least  injurious,  may 
be  mentioned  the  practice  of  coating  sweets  with  metallic 
tin,  not  as  a  wrapper  only,  but  to  create  a  metallic  sur¬ 
face  in  several  instances.  I  have  met  with  samples  of 
this  description  where  of  every  half-dozen  sweets  that  were 
consumed  upwards  of  two  grains  of  metallic  tin  would 
thus  be  introduced  into  the  system. 

(To  be  continued). 

Everton  Research  Laboratory, 

18,  Albion  Street,  Everton,  Liverpool. 


RECOVERY  OF  ABSORBED  MORPHINE  FROM 
THE  URINE,  THE  BLOOD,  AND  THE 
TISSUES.* 

By  THEODORE  G.  WORMLEY,  M.D.,  LL.D., 
Professor  of  Chemistry  and  Toxicology,  Medical  Department, 
University  of  Pennsylvania, 

(Concluded  from  p.  81). 


Case  IV. — Administered  subcutaneously  to  a  dog 
weighing  14  kilos,  o-i  grm.  morphine,  dissolved  as  acetate 
in  10  c.c.  water.  Symptoms  of  the  poison  soon  appeared. 

a.  Two  hours  after  the  injedtion  obtained  14  c.c.  very 
turbid,  strongly  alkaline  urine.  The  final  residue  from 

*  From  the  University  Medical  Magazine. 
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this  urine  readily  indicated,  under  the  action  of  several 
tests,  the  presence  of  morphine  in  quite  decided  quantity. 

b.  Sixteen  c.c.  urine  withdrawn  at  the  end  of  four  and 
a  half  hours  also  showed  the  presence  of  the  alkaloid  in 
diminished  quantity. 

c.  Fifty-five  c.c.  urine  withdrawn  at  the  end  of  twenty- 
eight  hours  distinctly  indicated  the  presence  of  morphine 
in  very  minute  quantity. 

Case  V. — A  man  habituated  to  the  use  of  morphine  in 
large  quantity  took  daily  for  some  time  six  grains  (o‘389 
grm.)  morphine  sulphate.  While  taking  this  quantity  the 
urine  passed  December  28,  i88g,  during  twenty-four  hours 
measured  440  c.c.,  was  about  neutral  in  reaction,  and  of 
sp.gr.  1012.  For  this  case  I  am  indebted  to  my  colleague, 
Professor  H.  C.  Wood. 

Two  hundred  and  twenty  c.c.  of  the  urine,  acidulated 
with  acetic  acid,  were  concentrated  to  75  c.c.,  rendered 
alkaline  by  ammonia,  and  extracted  with  about  two 
volumes  hot  amyl  alcohol.  The  residue  obtained  on  the 
evaporation  of  the  alcohol  readily  showed  the  presence 
of  morphine.  After  further  purification  the  residue,  under 
the  action  of  several  tests,  indicated  the  presence  of 
morphine  in  very  marked  quantity,  the  reactions  being 
about  as  well  marked  as  with  the  pure  alkaloid,  but  re¬ 
peated  attempts  failed  to  obtain  it  in  the  form  of  well- 
defined  crystals. 

Case  VI. — A  man  affeCted  with  polyuria,  accustomed 
for  some  years  to  the  use  of  large  quantities  of  crude 
opium,  was,  at  the  time  of  this  examination,  taking  daily 
60  grains  (3-g  grms.)  of  the  drug  in  20-grain  doses  three 
times  a  day. 

The  urine  voided  during  twenty-four  hours,  January  4, 
1890,  measured  4040  c.c.,  had  a  distinctly  alkaline  re¬ 
action,  and  sp.  gr.  1007. 

One  thousand  c.c.  of  the  urine  reduced  to  100  c.c.  and 
extracted  with  amyl  alcohol  in  the  usual  manner  furnished, 
under  the  various  tests,  very  satisfactory  evidence  of  the 
presence  of  morphine  in  quite  notable  quantity. 

An  attempt  was  made  to  also  ascertain  the  presence  of 
meconic  acid,  but  on  account  of  the  presence  of  the 
phosphates  and  other  interfering  substances  the  results 
were  not  satisfactory. 

Case  VII. — Dr.  W.  H.  Price,  of  the  University 
Hospital,  kindly  furnished  me  the  following  case: — A 
coachman,  aged  50,  greatly  depressed  in  spirits,  swallowed, 
February  13,  1890,  a  fluid  ounce  of  ordinary  laudanum. 
When  seen  by  Dr.  J.  Daland,  thirty-five  minutes  after¬ 
wards,  the  patient  was  in  a  comatose  state  ;  the  pupils 
were  contracted  to  a  point,  and  the  respirations  four  per 
minute. 

Under  the  use  of  strychnine  and  atropine  hypo¬ 
dermically,  electricity,  and  other  aCtive  measures,  at  the 
end  of  thirty  hours  the  patient  was  quite  himself  again. 

Eight  hours  after  the  poison  had  been  taken  about  250 
c.c.  urine  was  withdrawn  from  the  bladder  by  catheterisa¬ 
tion  ;  160  c.c.  of  this  urine,  reduced  to  75  c.c.,  was  ex¬ 
tracted  by  amyl  alcohol ;  and  this  extract  purified  by  a 
second,  and  then  a  third,  extraction  by  the  alcohol,  and 
finally  by  ether. 

The  final  residue,  when  examined  by  Froehde,  Huse- 
mann’s,  the  nitric  acid,  and  iron  tests,  very  clearly 
showed  the  presence  of  morphine.  The  urine  in  this 
case  was  not  examined  until  the  third  day  after  its  with¬ 
drawal. 

Case  VIII. — A  man  with  suicidal  intent,  took  at  10 
p.m.,  March  10,  1890,  ten  fluid  drachms  of  laudanum. 
When  seen  ten  hours  thereafter  by  Dr.  J.  Daland,  who 
kindly  furnished  me  the  particulars  of  the  case,  the 
patient  was  in  a  state  of  great  stupor,  from  which  he 
could  be  partially  aroused.  Under  moderate  treatment 
he  soon  recovered.  The  first  urine  voided  by  the  patient 
was  lost. 

About  twenty  hours  after  the  poison  had  been  taken 
120  c.c.  of  very  turbid  urine,  of  slightly  acid  reaction  and 
sp.  gr.  X022,  was  collected.  This,  after  addition  of  acetic 


acid,  was  filtered,  then  reduced  to  50  c.c.,  and  extracted 
in  the  usual  manner  by  hot  amyl  alcohol. 

The  residue  obtained  on  evaporating  the  alcohol  was 
extracted  by  ether,  and  this  liquid  allowed  to  evaporate 
spontaneously.  The  ether  residue  very  clearly  showed 
the  presence  of  morphine,  but  only  in  very  minute  quan¬ 
tity. 

It  should  be  added  that  the  only  evidence  that  ten 
drachms  of  laudanum  had  been  taken  in  this  case  is  the 
statement  of  the  patient  himself;  nor  is  anything  known 
in  regard  to  the  quality  of  the  drug  taken. 

Case  IX. — A  gentleman  on  retiring  at  night  took,  by 
way  of  experiment,  a  pellet  containing  J  grain  (16  m.g.) 
morphine  sulphate  The  following  morning  he  voided 
185  c.c.  urine  of  light  colour  and  slightly  acid  reaction. 

This,  after  concentration,  was  extracted  by  amyl  alco¬ 
hol  in  the  usual  manner.  The  residue  from  this  alcohol 
was  again  extracted  by  the  alcohol,  and  the  operation 
repeated  a  third  time  with  a  fresh  portion  of  the  alcohol. 

The  residue  from  the  third  alcohol  extract,  when  ex¬ 
amined  by  Frcehde’s  reagent,  promptly  gave  a  colouration 
very  similar  at  least  to  that  of  morphine,  but  the  results 
were  not  fully  satisfactory.  Other  portions  of  the  residue 
very  promptly  reduced  solutions  of  iodic  acid  and  of 
potassium  ferricyanide  ;  but,  under  the  conditions,  these 
reactions  have  no  positive  value. 

A  urine  extract  of  this  kind,  even  in  the  absence  of 
morphine,  will  frequently  yield,  with  Froehde’s  reagent, 
a  colouration  which  might  be  mistaken  for  that  of  a 
minute  quantity  of  morphine,  due  to  the  reduction  of  the 
molybdenum  compound.  Moreover,  this  reducing  aCtion 
may  entiiely  prevent  or  mask  the  normal  reaction  of 
morphine,  even  when  the  alkaloid  is  added  to  the  residue 
in  very  notable  quantity,  as  we  have  seen  in  repeated  ex¬ 
periments. 

For  the  purification  of  a  mixture  or  residue  of  this  kind 
it  may  be  treated  with  a  little  water  and  a  drop  of  acetic 
acid.  The  liquid  is  then  filtered,  and,  while  still  acid, 
extracted  with  several  volumes  of  pure  strong  ether. 

The  ether  being  decanted,  the  aqueous  liquid  is  again 
covered  with  several  volumes  of  fresh  ether,  and  a  drop 
of  ammonia,  or  sufficient  to  neutralise  the  acid  added. 
The  mixture  is  then  quickly  and  thoroughly  agitated. 
The  ether  will  now  take  up  any  morphine  present,  in  part 
at  least,  and  at  most  only  a  trace  of  urea,  if  present,  the 
extractive  matters  and  greater  portion  of  urea  being  re¬ 
tained  by  the  aqueous  fluid.  The  ether  is  then  decanted 
and  allowed  to  evaporate  spontaneously.  Since  morphine 
is  only  very  sparingly  soluble  in  ether,  this  method  of 
purification  is  applicable  only  for  the  recovery  of  minute 
quantities  of  the  alkaloid. 

The  above  residue,  from  the  third  amyl  alcohol  extract, 
when  extracted  by  ether  after  the  foregoing  method,  gave 
a  very  minute,  about  colourless  residue,  which,  when 
examined  in  several  portions  by  Froehde’s  reagent,  gave 
purple  colourations  which  seemed  to  leave  no  doubt  of 
the  presence  of  morphine. 

Case  X. — This  was  a  repetition  of  the  foregoing  case, 
only  that  £  grain  morphine  sulphate  was  taken,  and  the 
next  morning  350  c.c.  of  urine,  of  faintly  acid  reaction 
and  sp.  gr.  1012,  was  obtained. 

After  concentration  the  urine  was  extracted  by  amyl 
alcohol  and  finally  by  ether,  in  the  same  manner  as  in 
the  previous  case. 

The  very  minute  final  ether  residue,  when  examined  in 
three  or  four  portions  by  Fioehde’s  reagent,  gave  well- 
marked  purplish  or  violet  colourations.  These  results 
were  quite  in  contrast  with  those  obtained  by  the  reagent 
from  an  exceedingly  minute  residue  obtained  in  the  same 
manner  from  urine  known  to  be  free  from  morphine. 

General  Considerations. 

In  the  use  of  amyl  alcohol  for  the  extraction  of  mor- 
I  phine  from  the  ui  ine,  the  urea  taken  up  with  the  morphine 
interferes  more  or  less  with  the  purification  of  the  alka¬ 
loid.  In  a  residue  consisting  of  a  mixture  of  this  kind, 
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the  urea,  as  such,  may,  as  we  have  found,  be  decomposed 
by  heating  the  mixture  in  an  air  oven  for  a  few  hours  at 
135°  C.,  without  any  appreciable  loss  of  the  morphine. 
But  the  presence  of  the  products  of  the  decomposition  of 
the  urea  prove  about  as  objectionable  as  that  of  the  urea 
itself.  Since  urea  is  freely  soluble  in  water,  whilst  mor¬ 
phine  is  only  sparingly  soluble,  it  might  be  inferred  that 
these  substances  could  thus  be  readily  separated.  This 
is  true  in  regard  to  pure  mixtures,  and  also  when  the 
morphine  has  assumed  the  crystalline  state  ;  but  when 
present  in  only  minute  quantity  the  alkaloid  seems  to  be 
so  closely  adherent  with  the  urea  and  colouring-matter 
that  these  substances  are  largely  dissolved  together. 

Some  experiments  were  made  in  regard  to  the  adapt¬ 
ability  of  isobutyl  alcohol  for  the  extraction  of  morphine 
from  complex  mixtures,  especially  from  the  urine.  For 
this  purpose,  Schuchardt’s  alcohol,  apparently  pure,  was 
employed.  If  a  small  quantity  of  this  alcohol  be  agitated 
with  large  excess  of  water,  it  is  dissolved  by  the  water  in 
the  proportion  of  one  volume  of  the  alcohol  in  about  io-5 
volumes  of  water,  as  generally  stated  by  writers. 

If,  however,  equal  volumes  of  the  alcohol  and  water, 
say  100  volumes  of  each,  be  mixed  and  agitated,  after 
repose  the  alcoholic  liquid  will  measure  103  volumes,  the 
aqueous  fluid  being  reduced  to  gy  volumes — that  is,  100 
volumes  of  the  alcohol  will  take  up  3  volumes  of  water. 
On  treating  excess  of  finely  powdered  morphine  with  hot 
isobutyl  alcohol,  and  allowing  the  mixture  to  stand  six¬ 
teen  hours,  it  was  found  that  one  part  of  morphine  was 
held  in  solution  by  no  parts  by  weight  of  the  alcohol. 
Under  the  same  conditions  one  part  of  urea  was  retained 
in  solution  by  49-8  parts  by  weight  of  the  alcohol. 

It  would  thus  appear  that  morphine,  while  rather  freely 
soluble  in  isobutyl  alcohol,  is  slightly  less  soluble  in  this 
liquid  than  in  amyl  alcohol  ;  whereas  urea,  on  the  other 
hand,  is  somewhat  more  freely  soluble  in  isobutyl  alco¬ 
hol  than  in  amyl  alcohol. 


THE  FIXATION  OF  ATMOSPHERIC 
NITROGEN.* 

By  A.  A.  BRENEMAN,  S.B.f 
(Continued  from  p.  95.) 

Production  of  Cyanides  from  Ammonia. 

The  reactions  by  which  ammonia  is  converted  into  cyanides 
are  so  closely  related  to  the  direct  production  of  cyanides 
from  nitrogen,  and  offer  so  many  points  of  suggestion  in 
connection  with  the  same,  regarded  as  an  industrial 
problem,  that  the  history  of  them  cannot  be  omitted 
from  this  summary. 

The  original  experiment,  ascribed  by  Langlois  [Ann.  ch. 
phys.,  [3]  i.,  1 17)  to  Scheele,  of  heating  together  sal- 
ammoniac,  potash,  and  charcoal  and  obtaining  potassium 
cyanide,  may  be  regarded  as  the  starting  point. 

Liebig  attributes  to  Scheele  (1750 — 80  ?)  the  statement, 
that  ammonia  passed  over  hot  charcoal  yields  hydro 
cyanic  acid,  but  Langlois  does  not  find  this  in  Scheele’s 
writings.  What  Scheele  does  say  is  that  when  sal- 
ammoniac  is  heated  with  vegetable  charcoal  and  potash 
the  mass  yielded  on  lixivation  “  la  lessive  du  sang."X 
(Langlois,  loc.  cit.) 

*  Journal  of  the  American  Chemical  Society,  vol.  xi. ,  Nos.  1 — 2. 

i  The  substance  of  this  article  was  prepared  as  an  appendix  to  a 
commercial  report,  but  has  not  been  printed  heretofore  in  any 
scientific  journal. — A.  A.  B. 

I  That  is,  potassium  ferrocyanide,  yellow  prussiate  of  potash, 
called  also  in  German  “  blutlaugensalz.”  The  iron  must  have  come 
from  impurities  in  the  materials.  In  the  “  Life  of  Scheele,”  given 
in  Cr ell's  Journal,  vol.  i.,  p.  12,  1891,  the  author  says  “  His  experi¬ 
ments  on  the  colouring  matter  of  Prussian  blue,  the  methods  of 
separating  it,  its  properties,  and  in  short  the  discovery  of  its  arti¬ 
ficial  composition  from  charcoal,  fixed  alka  i,  and  sal-ammoniac,  may 
be  mentioned  amongst  the  most  valuable  of  the  performances  with 
which  he  has  presented  us.”  The  biographer  also  refers  to  fuller 
accounts  of  this  work  in  The  New  Transactions  of  the  Royal  Stockholm 
Academy,  vol.  iii .,  p.  256,  and  vol.  iv.,  p.  32.  These  sources  of  in¬ 
formation  are  not  accessible  to  me.— B. 


Clouet  in  1791*  mentioned  that  ammonia  gas  passed 
over  hot  charcoal  yields  hydrocyanic  acid.  He  states 
that  Thenard  had  noticed  that  a  soluble  substance  having 
the  odour  of  bi t ter  almonds  was  formed  under  the  same 
conditions.  Bonjour,  Vauquelin,  Buchholz,  Schroder,  and 
Ittner  (y.  pr.  Ch.,  xxvi.,  409)  all  refer  to  the  same  fadt  as 
based  upon  experiments  in  which  ammonia  or  ammonium 
chloride  was  heated  with  charcoal  or  with  mixtures  of 
charcoal  and  lime  or  oxide  of  lead.  The  produdt  was 
probably  ammonium  cyanide,  as  in  later  repetitions  of 
similar  experiments,  but  the  constitution  of  the  cyanides 
was  not  then  understood,  as  this  was  before  the  date  of 
Gay-Lussac’s  discovery  (1814)  Clouet  reported  that 
hydrocarbons,  carbonic  acid,  and  nitrogen  were  set  free  at 
the  same  time,  while  Bonjour  showed  that  hydrogen  was 
the  only  by-produdt,  an  observation  that  was  fully  con¬ 
firmed  by  Langlois  in  1841.  Trommsdorf  (Ibid.)  how¬ 
ever,  was  first  to  recognise  ammonium  cyanide  in  the 
produfls  of  this  experiment. 

Kuhlmann  (Ibid.,  Ann.  Chem.  (Liebig),  xxxviii.,  62; 
y.  pr.  Ch.,  xvi.,  482)  found  that  volatile  nitrogen  com¬ 
pounds  containing  all  hydrogen  or  mixed  with  volatile 
hydrocarbons,  when  passed  together  with  carbonic  oxide 
over  hot  platinum  sponge,  yielded  ammonia.  He  refers  to 
Clouet’s  experiment,  and  shows,  by  a  repetition  of  the 
same,  that  no  hydrocyanic  acid,  but  only  ammonium 
cyanide,  is  produced.  Marsh-gas  (CH4)  is  separated  at 
the  same  time.  He  regards  the  process  of  preparing 
alkaline  cyanides  as  involving  first  the  formation  of  am¬ 
monia,  which,  in  presence  of  alkali  and  excess  of  carbon, 
is  converted  into  cyanogen  and  carbonic  oxide.  Langlois 
(Ann.  ch.  phys.  [3],  i.,  117)  repeated  Scheele’s  experiment 
with  sal-ammoniac,  but  obtained  no  cyanide.  He  also 
obtained  ammonium  cyanide  by  passing  ammonia  over 
hot  charcoal,  and  called  attention  to  the  remarkable  way 
in  which  ammonium  cyanide  resists  decomposition  at 
high  temperatures. 

The  processes  of  Jacquemyn  and  Berry  in  this  diredlion 
have  already  been  mentioned  (ante). 

Graeger  (Jsb.  chem.  Tech.,  1853,  184)  passed  vapour  of 
ammonium  carbonate  through  alkaline  charcoal  contained 
in  narrow  iron  cylinders  ij  inches  in  diameter,  and  ob¬ 
tained  93  to  95  per  cent  of  the  theoretical  yield  of  ferro¬ 
cyanide.  When  large  and  wide  cylinders  were  used  the 
results  were  much  inferior,  only  15  to  30  per  cent  being 
obtained. 

Brunquill  (Preuss.  Verhandlungen,  1856,  30  ;  fsb. 
chem.  Tech.,  1856,  102  ;  Dingl.  pol.  f.,  cxl.,  374,  452),  in 
1856,  proposed  to  apply  the  same  principle  to  the  produc¬ 
tion  of  cyanides  and  prussiates.  Ammonia,  or  the 
vapours  from  distillation  of  bones,  &c.,  are  passed  over 
hot  firebrick  and  then  over  hot  wood  charcoal  in  pieces 
of  the  size  of  a  chestnut,  The  volatile  ammonium  cyanide 
is  absorbed  by  solution  of  ferrous  sulphate  in  an  apparatus 
of  peculiar  construction.  A  portion  of  the  ammonia  is 
recovered  as  sulphate,  and  used  anew  in  the  process. 
The  precipitated  cyanides  of  iron  are  converted  by  potash 
or  soda  into  prussiates.  The  advantages  of  this  method 
are  the  prevention  of  waste  of  potash  and  of  nitrogen. 
Only  moderate  temperatures  being  employed,  there  is  no 
loss  of  potash  by  volatilisation,  by  absorption,  or  by 
formation  of  unavailable  salts  of  potash,  all  of  which 
occur  in  the  old  process.  The  cost  of  the  ammonia  is 
defrayed  by  the  increased  value  of  the  residue  when  bones 
are  used.  The  author  hoped  also  to  obtain  ammonia  for 
the  first  stage  of  the  process  by  passing  air  and  steam 
over  coal. 

Levoir,  in  1859  (f.  pr.  Cli.,  lxxvi.,  447  ;  Dingl.  pol.  f., 
cliii. ,  466),  noticed  that  a  flame  of  ammoniacal  gas  yielded 
cyanogen  (ammonium  cyanide)  in  burning.  Fischer 
(Dingl.  pol.  f.,  clvii.,  466)  questioned  this  statement, 
saying  that  he  had  repeated  Levoir’s  experiment  with  an 


*  Ann.  ch.  phys.,  xi.,  30  ;  J.  pr.  Ch.,  xxvi.,  408.  Crell’s  Annalen, 
1796.  This  latter  reference,  which  is  probably  the  original  source,  I 
have  not  had  access  to.— B, 
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argand  burner,  and  obtained  no  cyanogen.  The  faCt  was 
verified,  however,  a  few  years  later  by  Romilv. 

H.  Johnson  ( Dingl .  pol.  y.,  clvi.,  212  ;  ysb.  chem.  Tech., 
i860,  221,  with  diagram),  in  i860,  obtained  in  England  a 
patent  for  a  method,  devised  by  J.  V.  Lucas  in  Paris,  for 
preparation  of  prussiates,  which  consists  simply  in  satu¬ 
rating  wood  charcoal  with  potash  solution,  drying  and 
heating  it  to  redness  in  a  retort,  and  passing  ammonia 
over  it.  The  charcoal  is  mixed  also  with  5  per  cent  of 
iron  filings. 

J.  Webster,  in  186a  (Eng.  Pat.,  No.  1913,  Aug.  8,  i860), 
patented  in  England  a  process  for  manufacture  of 
prussiates  by  charring  or  burning  a  mixture  of  sawdust  or 
spent  bark  and  oxide  of  iron,  charging  the  mixture  with 
potash  and  passing  ammonia  through  it. 

Fleck  (Polyt.  Centralbl.,  1863,  717;  Dingl.  pol.  y., 
clxix.,  209 ;  fsb.  chem.  Tech.,  1863,  323),  in  1863,  pro¬ 
posed  to  make  cyanides  as  follows: — A  hot  mixture  of 
charcoal  or  coal,  sulphur,  and  potash  is  treated  with  a 
definite  quantity  of  ammonium  sulphate.  Potassium 
sulphocyanate  is  formed.  Ammonia  in  part  escapes,  but 
is  absorbed  and  utilised.  The  sulphocyanate  is  decom¬ 
posed  by  metallic  iron,  yielding  potassium  cyanide  and 
ferrous  sulphide.  It  was  claimed  by  the  author  that  94 '42 
per  cent  of  the  ammonium  salts  used  were  ultimately 
converted  into  cyanides.  This  process  is  referred  to  by 
Meyer  ten  years  later,  1874,  as  not  being  successful  in 
practice. 

Gelis  ( Annettes  du  Conservatoire  des  Arts  Metiers, 
1862,37;  ysb.  chem.  Tech.,  1862,  283),  in  1862,  manu¬ 
factured  prussiates  in  Paris  after  a  new  method  of  his 
own  invention,  for  which  a  medal  was  awarded  at 
the  London  Exhibition  of  1862.  It  consists  in 
mixing,  in  the  cold,  a  solution  of  ammonium  sulphy- 
drate  (NH4HS),  obtained  from  gas  liquor,  with 
carbon  disulphide  ;  ammonium  sulpho  -  carbonate, 
(NH^SCSa,  is  formed  and  sulphuretted  hydrogen.  The 
addition  of  potassium  sulphide  to  the  sulphocarbonate 
results  in  the  production  of  potassium  sulphocyanate, 
which  by  aCtion  of  iron  can  be  converted  into  cyanide  or 
prussiate.  The  by-produCts,  ammonium  sulphate  and 
sulphuretted  hydrogen,  are  again  used.  The  process  is 
carried  on  in  a  retort,  and  these  products  are  readily  re¬ 
covered.  The  cost  by  this  process  was  said  by  Payen  to 
be  within  16  francs  per  kilo,  (about  15  cents  per  pound) 
for  potassium  ferrocyanide. 

Meyer,  in  1874  ( ante ),  remarks  that  the  conversion  of 
potassium  sulphocyanate  into  cyanide  by  iron  is  wasteful 
of  nitrogen  when  fusion  is  resorted  to  and  incomplete 
in  the  cold.  The  process  of  Gelis  was  finally  abandoned. 

Romily  ( Compt .  Rend.,  lxiv.,  320;  lxv.,  865;  ysb.  chem. 
Tech.,  1867,  761),  in  1867,  repeated  the  experiment  of 
Levoir  (ante),  and  improved  upon  it.  Illuminating  gas 
was  made  to  bubble  through  ammonia  and  then  burned 
from  a  jet,  and  the  flame  was  made  to  impinge  upon  a 
surface  of  water  containing  caustic  potash  in  solution. 
Potassium  cyanide  was  found  after  a  time  in  the  solution. 
Solutions  of  sodium  and  calcium  hydrates  gave  cor¬ 
responding  results.  When  distilled  water  was  used 
ammonium  cyanide  was  found  in  the  liquid.  The  effeCt 
was  produced  only  when  the  flame  was  luminous  or 
smoky  ;  the  flame  of  a  Bunsen  lamp  yielded  no  cyanides. 
Vapours  of  oils  or  hydrocarbon  gases  containing  am¬ 
monia  gave  similar  results.  Vapour  of  water  in  the 
mixture  of  gases  did  not  prevent  the  formation  of  cyanides. 
When  iron  in  fine  powder  was  suspended  in  the  alkaline 
solution  ferrocyanide  was  formed.* 

An  apparatus  was  devised  to  apply  the  principle  in 
dustrially.  A  cylinder  of  iron  revolving  on  a  horizontal 
axis,  dipped  into  a  tank  containing  an  alkaline  solution. 
A  pipe,  parallel  with  the  cylinder  and  pierced  with  holes, 


*  The  discoveries  of  Levcir  and  Romily  recall  the  early  observa¬ 
tions  of  Kuhlmann,  who  showed  that  ammonia  and  all  volatile  com¬ 
pounds  of  nitrogen  yielded  ammonium  cyanide  when  mixed  with 
hydrocarbons  (or  even  with  carbonic  oxide  in  the  case  of  ammonia), 
and  passed  over  platinum  sponge  at  a  temperature  of  6oo°  F. — B. 


supplied  ammoniacal  illuminating  gas,  burning  in  a  line 
of  jets  which  impinged  upon  the  face  of  the  cylinder. 
The  cyanides  were  absorbed  by  the  film  of  alkaline  liquid, 
which  was  continually  renewed  as  the  cylinder  re¬ 
volved. 

Schwar z  (Bull.  Soc.  Chim.,  i86g,  167;  Dingl.  pol.  y., 
cxci.,  3gg  ;  ysb.  chem.  Tech.,  1869,  269),  in  1869,  obtained 
ammonium  cyanide  by  passing  vapour  of  caroon  disul¬ 
phide  mixed  with  ammonia  over  hot  iron  or  copper  in  an 
iron  tube.  Sulphide  of  the  metal  is  simultaneously 
formed.  The  vapours  are  passed  into  a  mixture  of  solu¬ 
tions  of  caustic  potash,  ferrous  sulphate,  and  ferric  chloride, 
and  the  resulting  mass  is  converted  into  prussian  blue  by 
hydrochloric  acid,  and  then  by  potash  into  yellow  prus- 
siate.  Schwarz  also  confirmed  the  conclusions  of  Levoir 
and  Romily  (ante)  as  to  the  production  of  ammonium 
cyanide  during  the  combustion  of  ammoniacal  illuminat¬ 
ing  gas,  and  he  suggests  that  the  purification  of  such  gas 
from  ammonia  is,  on  this  account,  a  matter  of  the  greatest 
importance. 

Frohde  remarks  (“Watt’s  DiCt.  Supp.,”  I.,  537)  that 
the  fumes  from  burning  coal  may  be  noxious,  not  merely 
because  of  oxides  of  carbon  in  them,  but  also  because  of 
cyanogen.  He  claims  to  have  detected  cyanogen  by  its 
odour  where  coal  was  incompletely  burned. 

E.  Meyer  (ysb.  chem.  Tech.,  1874,  442),  in  1874,  pub¬ 
lished  a  review  of  the  cyanogen  industry  up  to  the  year 
of  the  Vienna  Exhibition  (1873).  He  found  the  old 
method  still  the  only  important  one.  The  problem  of 
making  cyanides  from  nitrogen  of  the  air  was  still  un¬ 
solved,  and  the  earlier  efforts  of  Possoz  and  Boissiere 
(ante)  had  not  been  even  equalled  in  its  results  by  the 
later  one  of  Margueritte  and  Sourdeval,  from  which  much 
was  at  first  expected.  The  methods  using  ammonia  as  a 
source  of  nitrogen  for  the  manufacture  of  cyanides  had 
not  replaced  the  old  method,  through  dry  distillation  of 
animal  matters  (Karmrodt,  and  others)-— which  are 
treated  by  fusion  in  the  old  process — nor  by  substitution 
of  ammonia  salts  as  a  source  of  nitrogen  for  these  sub¬ 
stances  (Fleck,  ante).  Neither  had  the  methods  based 
upon  formation  of  sulphocyanate  (Gelis)  marked  any  great 
success.  The  production  of  sulphocyanate  is  readily 
brought  about  by  Gelis’s  method,  and  the  process  is,  so 
far,  a  success  ;  but  the  conversion  of  this  salt  into  cyanide 
or  ferrocyanide  is  difficult.  It  does  not  stand  sufficiently 
above  the  usual  raw  materials  (animal  matters)  used  fer 
this  purpose,  in  its  proportion  of  nitrogen,  to  counter¬ 
balance  the  disadvantage  which  it  offers  in  comparison 
with  them  from  its  high  proportion  ot  sulphur. 

F.  Maxwell-Lyte  (U.S.  Pat.  161,  137,  March  23,  1875) 
patented,  in  1875,  a  process  for  manufacture  of  ammonia 
by  bringing  nitrogen  in  contact  with  nascent  hydrogen 
liberated  in  the  presence  of  a  triad  or  pentad  element. 

Tscherniak  and  Gunsberg  (Ber.,  1879,  140;  Dingl-.  pol. 
y.,  ccxxxii.,  80;  ysb.  chem.  Tech.,  1879,  471  ;  1882,  570), 
in  1878,  patented  a  method,  in  Germany  (D.  R.  Pat.  3 , 1  gg, 
April  9,  1878),  for  the  manufacture  of  cyanides  similar  in 
principle  to  that  of  Schwarz  (ante).  Two  parts  of  am¬ 
monia  water  of  85  per  cent  and  one  of  carbon  disulphide 
are  put  into  a  tight  vessel,  heated  to  110°  C.  below  and 
cooled  above,  so  that  a  continuous  distillation  of  the 
volatile  substances  occurs.  After  three  or  four  hours  the 
mixture  is  found  to  be  converted  into  ammonium  sulpho¬ 
cyanate  and  sulphuretted  hydrogen.  The  ammonium 
salt  is  conveited  into  calcium  sulphocyanate,  which,  by 
aCtion  of  an  alkaline  sulphate  or  carbonate,  yields  the  cor¬ 
responding  alkaline  salt,  and  this,  by  heating  with  coal, 
lime,  and  iron,  yields  cyanides  or  prussiates.  The  am¬ 
monia  is  recovered  and  used  again. 

Graham  Young,  in  a  process  for  the  manufacture  of 
ammonia  patented  in  England  in  1880,  has  suggested  the 
use  of  electricity  to  effeCt  the  union  of  nitrogen  and 
hydrogen.  The  principle  had  also  been  mentioned  in  an 
English  patent  issued  to  Cnisholm  and  Kent  in  i860. 
No  practical  result  has  as  yet  come  from  these 
suggestions. 
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The  Decomposition  of  Alkaline  Hydrates  by  Metals  in 
Presence  of  Air  to  Produce  Ammonia. 

Dufrene  (Eng.  Pat.  No  5478,  Dec.  29th,  1880),  in  1880, 
patented  a  process  in  England  for  the  manufacture  of 
ammonia  by  combustion  of  zinc  in  air,  in  presence  of  an 
alkaline  hydrate.  Hydrogen  and  nitrogen  are  both  set 
free  and  combine  to  form  ammonia  under  the  influence  of 
a  porous  solid,  such  as  iron  or  platinum  sponge  in  a 
heated  state. 

Twinch  (Eng.  Pat.  No.  3712,  Aug.  25th,  1881),  in  1881, 
proposed  to  manufacture  ammonia  by  using  oxide  of 
nitrogen  (nitric  oxide  ? — B.)  to  remove  oxygen  from  air; 
tbe  resulting  nitrogen  (which  is  said  to  be  nascent  and 
peculiarly  aCtive  ?  —  B.)  is  brought  in  contaCt  with  nascent 
hydrogen  from  the  decomposition  of  steam  or  of  alkaline 
hydrates  by  metals,  to  produce  ammonia. 

(To  be  continued). 


THE  DRY  ASSAY  OF  TIN  ORES.* * * § 
Part  I. 

By  HEINRICH  O.  HOFFMANN, 
Assistant  Professor  of  Mining  and  Metallurgy. 

(Continued  from  p.  94). 


2.  Fusion  with  Calcium  Fluoride.— There  are  three 
methods  described  under  this  head,  in  all  of  which  fluor¬ 
spar  is  used  as  the  only  or  principal  flux.  They  are  re¬ 
commended  for  ores  containing  silica  only. 

Fluor-spar  is  not  readily  fusible  ;  in  faCt,  it  cannot  be 
melted  at  temperatures  produced  in  a  muffle-furnace. 
Assays  requiring  it  as  a  flux  must  therefore  be  carried  on 
in  a  pot-furnace.  While  difficult  of  fusion,  it  is  liquid 
when  melted,  and  assists  to  liquefy  compounds  which 
have  a  refractory  character  by  holding  in  suspension  the 
particles  which  cannot  be  completely  melted.  It  is  there¬ 
fore  very  satisfactory  if  a  high  temperature  is  required. 
Berthierf  was  the  first  to  suggest  that  a  loss  in  weight 
takes  place  if  calcium  fluoride  and  silica  are  heated 
together.  In  later  publications  £  the  formula — 

2CaF2  +  2SiC>2  =  SiF4+Ca2Si04 
is  found  with  the  statement  that  part  of  the  silica  escaped 
as  silicon  fluoride.  Percy§  has  shown  by  experiments 
that,  while  a  loss  in  weight  does  take  place,  the  formula 
is  wrong,  as  it  expresses  more  than  three  times  the  aCtual 
amount  lost.  It  would  seem,  therefore,  that  the  basis  on 
which  these  methods  are  founded  is  not  a  correct  one. 
Owing  to  the  high  temperature  there  is  always  danger  of 
losing  tin  through  volatilisation,  although||  in  a  chaicoal- 
lined  crucible  this  may  be  prevented  by  entirely  excluding 
the  air.  In  regard  to  scorification  it  seems  doubtful 
whether  it  can  be  avoided  so  as  to  give  satisfactory  re- 

sults.  .  ' 

(1).  Ricketts^!  recommends  mixing  10  grms.  of  ore  with 
10  to  20  grms.  of  fluor-spar  or  cryolite.  He  then  says: 
“  Charge  in  a  charcoal-lined  crucible,  which  is  first 
covered  with  charcoal  and  then  luted  with  clay,  heat 
strongly  for  about  one  hour,  remove  carefully  from  the 
fire,  and  tap  gently.  Treat  the  button  as  an  alloy  after¬ 
wards.”  These  instructions  were  closely  followed,  fluor¬ 
spar  being  used  and  the  time  of  exposure  to  heat 
lengthened,  as  previous  experiments  in  charcoal-lined 
crucibles  had  shown  that  considerable  time  is  required 
for  the  heat  to  penetrate  the  lining. 

Three  experiments  were  made,  resulting  in  a  grey, 
slightly  fritted  mass,  which  contained  white  tin  and  black 

*  Read  at  the  Colorado  Meeting  of  the  American  Institute  of 
Mining  Engineers,  June,  1889.  From  the  Technology  Quarterly, 
Vol.  iii . ,  No.  2. 

f  “  Traite  des  Essais,”  1847,  vol.  i.,  p.  436. 

t  E.  G.  Balling,  “  Metallurgische  Chemie,”  Bonn,  1882,  p.  88. 

§  “  Metallurgy  of  Fuel,  &c.,”  London,  1875,  p.  80. 

|i  Berthier,  “  Traite  des  Essais,”  1847,  vol.  ii • ,  p.  45?- 
IT  "  Notes  on  Assaying,”  1886,  p.  88, 
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tin  mixed  with  fluor-spar.  This  gave,  when  crushed  in  a 
porcelain  mortar  and  treated  with  water,  grey  slimes  and, 
as  residue,  the  mixture  of  white  and  black  tin.  The  com¬ 
plete  reduction  of  the  stannic  oxide  was  probably 
prevented  by  the  intimate  admixture  of  fluor-spar.  It 
could  scarcely  have  been  caused  by  insufficient  heat.  A 
hot  anthracite  fire  was  used;  the  furnace  was  12x12 
inches,  the  crucible  resting  on  3  inches  of  coal,  and  being 
covered  by  3  inches  of  coal  (to  the  lower  edge  of  the  flue). 
The  draught  was  strong,  the  total  time  of  exposure  to 
heat  two  hours. 

(2) .  Rickett  *  gives  a  similar  charge  for  a  chalk-lined 
crucible — ore  10  grms.,  fluor-spar  10  grms.,  powdered  char¬ 
coal  2  grms.,  a  salt  and  charcoal  cover,  and  recommends 
a  hot  fire. 

This  method  produced  negative  results.  The  charge 
at  the  bottom  and  sides  of  the  crucible  was  fused  ;  it  was 
grey,  showing  a  crystalline  structure.  At  the  bottom  the 
fused  rim  was  £  inch  thick,  decreasing  to  -rV  inch  higher 
up.  Inside  this  shell  was  a  fritted  mass  of  a  colour  from 
dark  grey  to  black,  consisting  apparently  of  charcoal  and 
fluor-spar,  with  fine  particles  of  tin  dispersed  through  it, 
and  covered  by  a  pumice-like  grey  slag,  probably  a  mix¬ 
ture  of  salt  and  fluor-spar. 

(3) .  Ballingf  recommends  mixing  5  grms.  of  ore  with 
2-5  grms.  of  fluor-spar  and  2-5  grms.  of  lime,  chargingthe 
mixture  in  a  charcoal-lined  crucible,  and  treating  as  in 
the  old  German  method  of  assaying  iron  ores  in  the  dry 
way — that  is,  heating  for  an  hour  and  a  half,  the  last 
fifteen  or  twenty  minutes  at  a  white  heat. 

The  result  of  several  fusions  was  a  slightly  sintered 
mass  of  a  greyish  white  colour  collected  into  a  button. 
Through  it  were  distributed  prills  of  metallic  tin  of 
different  sizes,  the  largest  being  about  the  size  of  a  small 
pin-head.  Another  negative  result. 

No  pains  was  spared  to  make  these  experiments  with 
fluor-spar  as  thorough  as  possible,  and  the  failure  to  obtain 
satisfactory  results  must  have  been  due  to  one  of  two 
things  ;  either  the  ore  used  was  not  suited  to  that  mode 
of  treatment,  or  important  particulars  were  omitted  from 
the  directions  given. 

3.  Fusion  with  Potassium  Cyanide. — This  very  valuable 
method  of  assaying  tin  ores  is  given  by  Mitchell. J  In 
describing  his  manner  of  operating,  he  says  he  uses  a  3- 
ounce  Hessian  crucible,  rams  into  its  bottom  a  J-inch 
layer  of  potassium  cyanide,  adds  the  charge,  consisting  of 
100  grains  of  ore  mixed  with  from  four  to  five  times  its 
weight  of  powdered  potassium  cyanide,  and  gives  a  cover 
of  the  same  flux.  He  then  heats  at  a  moderate  tempera¬ 
ture  for  ten  minutes,  removes  the  crucible,  taps  it  gently, 
and  allows  it  to  cool.  He  dissolves  the  slag  in  water  to 
see  if  any  reduced  metal  or  heavy  particles  of  the  original 
ore  are  present,  and  says  that,  with  ordinary  care,  the  re¬ 
sults  are  accurate  to  o-5  per  cent. 

The  basis  on  which  the  process  rests  can  be  expressed 
by  the  formula  Sn02  +  2KCy  =  Sn  +  2K0Cy.  Potassium 
cyanide,  being  more  powerful  than  any  other  reagent, 
aCts  more  quickly,  and  also  at  a  lower  temperature,  thus 
reducing  the  volatilisation  of  tin  to  a  minimum.  The 
disadvantages  are  its  cost  and  its  very  poisonous 
character.  The  extra  expense  need  hardly  be  taken  into 
consideration,  as  it  is  very  nearly  counterbalanced  by  the 
saving  in  time,  the  difference  being  fully  made  up  by  the 
superiority  of  the  results  obtained.  Its  poisonous 
character  requires  that  special  care  should  be  taken  in 
handling  it.  The  mortar  ought  to  be  covered  with  a 
wooden  lid,  having  a  hole  through  which  the  handle  of 
the  pestle  passes,  and  a  cloth  placed  over  this  to  avoid 
dusting.  A  sponge  or  handkerchief  should  protect  nose 
and  mouth  while  pulverising,  weighing,  and  mixing  the 
reagent  with  the  ore.  The  crucible  should  be  placed  to 
cool  under  a  good  draught,  and  care  taken  to  finish  the 


*  "  Notes  on  Assaying,”  1886,  p.  8g. 
f  “  Die  Probirkunde,”  1879,  p.  391. 
t  “Manual  of  Assaying,”  1881,  pp.  481—483. 
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No.  of 
Assay. 

Table  VIII. 

Resulting  Tin. 

r~  . 

Total. 

In  button. 

Iq  slags. 

t- 

'  _  1 

In  crucibles. 

jt 

35- 

36. 

37- 

38. 

Grms. 

3'385 

3'365 

3'355 

3'355 

Per  cent. 
6770 

67-30 

67-10 

67-10 

Grms. 

3'33° 

3‘310 

3  300 
3-300 

Per  cent. 

6660 

66’20 

66-oo 

66-oo 

/  \ 
Grms.  Per  cent. 

Grms.  Per  cent. 

Average. . 

••  3'365 

67-30 

3-310 

66-20 

0-005  °'10 

0-050  roo 

breaking  of  crucibles  and  handling  of  cyanide  slags  before 
the  fingers  have  occasion  to  become  moist.  If  these  pre¬ 
cautions  are  observed,  there  is  no  danger  whatever,  as 
the  writer  can  testify  from  repeated  experience. 

In  the  experiments  the  ordinary  chemically  pure  potas¬ 
sium  cyanide — 98  per  cent  KCy  and  2  per  cent  KOCy — 
was  first  used  ;  then  the  effeds  produced  by  the  different 
impurities  that  are  apt  to  be  found  in  commercial  cyanides 
are  studied  ;  and  lastly,  the  commercial  cyanides  them¬ 
selves  were  tested.  The  regular  method  given  by  Mitchell 
was  varied  in  different  ways  to  see  what  effed  modifica¬ 
tions  from  other  methods  would  have  on  the  reagent. 

In  regard  to  temperature  and  time  required  for  the 
assay,  Mitchell  says  “  a  moderate  fire,”  which  will  keep 
the  charge  at  a  “  steady  fusion  ”  for  “  ten  minutes.”  It 
was  found  that  a  charge  can  be  kept  at  a  steady  continuous 
fusion  for  twenty  minutes,  and  the  temperature  be  too 
low  to  complete  the  chemical  readion.  Small  globules  of 
tin  can  be  seen  floating  about  in  the  slag,  and  these  will 
not  be  colleded  into  one  button  when  the  crucible  is 
broken.  On  the  other  hand,  the  temperature  may  be 
raised  so  high  that  the  charge  will  boil,  and  the  lusion 
still  be  steady  and  continuous.  The  tin  will  be  reduced, 
but  will  not  colled  into  one  button,  and  the  assay  will 
again  be  impeded.  The  best  way  to  regulate  the  tem¬ 
perature  would  seem  to  be  the  following.  Begin  with  a 
hot  fire,  and  keep  it  at  the  highest  point  to  which  potas¬ 
sium  cyanide  can  be  heated  without  beginning  to  boil  and 
evolve  heavy  fumes.  This  temperature  is  easily 
recognisable  after  a  few  assays.  Ten  minutes  is  a  very 
good  average  for  the  time,  beginning  when  the  charge  is 
liquid  and  brown-red.  An  assay  may  be  considered 
finished  when  the  pure  upper  slag  has  become  so  trans¬ 
parent  that  the  impurities  contained  at  the  bottom  of  the 
crucible  are  visible  through  it.  The  tin  will  then  have 
colleded  into  one  button  beneath  the  lower  slag,  and  very 
few,  if  any,  prills  will  be  found. 

The  experiments  with  potassium  cyanide  were  as 
follows  (1  to  11)  :  — 

(1).  5  grms.  of  ore  mixed  with  20  grms.  of  potassium 
cyanide  were  charged  in  a  Battersea  crucible,  size  F,  into 
the  bottom  of  which  had  been  rammed  5  grms.  of  cyanide  ; 
the  charge  was  covered  with  5  grms.  of  cyanide  ;  time 
given,  ten  minutes. 

The  slag  was  as  liquid  as  water.  When  cold,  its  sur¬ 
face  was  smooth,  and  had  the  shining  lustre  of  porcelain. 
The  crucible  was  not  corroded,  and  the  upper  part  was 
free  from  tin.  On  breaking  the  crucible,  it  was  found  that 
the  potassium  cyanide  had  filtered  through  nearly  the  en¬ 
tire  bottom  and  blackened  it,  the  blackness  diminishing 
on  the  sides  and  disappearing  near  the  top.  The  fradure 
of  the  upper  slag  was  coarsely  granular  ;  it  was  opaque, 
milk-white,  brittle,  and  soluble  in  water.  On  the  bottom 
of  the  crucible  was  an  amorphous,  uneven  slag;  it  had  a 
resinous  lustre,  was  subtranslucent,  of  light  green  colour, 
harder  than  the  white  slag,  and  insoluble  in  water.  It 
was  charged  with  the  impurities  contained  in  the  ore. 
The  button  separated  well  from  the  slag,  was  white, 
bright,  easily  cut,  malleable,  and  free  from  iron. 

To  examine  the  slags  and  lower  part  of  the  crucible  for 
prills  of  tin,  they  were  placed  in  hot  water.  The  white 
slag  dissolved  readily,  and  the  green,  as  a  rule,  separated 
easily  from  the  crucible.  The  solution  of  potassium 
cyanide  and  cyanate  was  removed  by  decanting,  and  the 


pieces  of  crucible  taken  out  and  dried  apart  from  the 
residue  in  the  dish.  Both  were  then  crushed  separately, 
and  passed  through  a  60-mesh  sieve.  The  resulting  fine 
pulp  was  panned,  and  the  siftings  weighed  with  their 
scales,  the  slags  and  crucibles  of  one  series  of  assays 
being  worked  up  together,  as  the  weights  of  the  resulting 
buttons  were  close  enough  to  justify  the  proceeding. 

Table  VIII.  shows  that  the  average  result  is  0-54  per 
cent  lower  than  that  found  by  chemical  analysis,  and  the 
percentage  of  tin  in  slags  and  crucible — i'io  per  cent — 
rather  higher  than  would  have  been  expeded.  The 
greatest  discrepancy,  however,  in  the  total  weights  is  only 
0'03  grm.,  but  expressed  in  percentage  it  amounts  to 
o'6  per  cent.  It  seemed,  therefore,  more  advisable  to 
use  10  grms.  of  ore,  as  in  the  next  experiments. 

(2).  The  charge  consisted  of  ore,  10  grms.  ;  potassium 
cyanide,  40  grms.  ;  5  grms.  cyanide  for  bottom  of  crucible, 
and  5  grms.  cyanide  for  cover  ;  crucible,  size  F  ;  time, 
fifteen  minutes. 

The  only  difference  between  the  first  and  second  assays 
is,  that  in  the  latter  the  bottom  was  covered  with  a 
larger  quantity  of  green  slag,  showing  (as  the  crucibles 
were  of  the  same  size  as  before)  a  thicker  layer.  In 
assays  Nos.  35  to  38  this  heavy  green  slag  had  colleded 
around  the  button,  filling  the  space  between  it  and  the 
crucible,  and  not  quite  reaching  the  top  of  the  button, 
which  was  covered  by  the  pure  white  slag.  It  would, 
therefore,  seem  advisable  to  use  for  a  10  grm.  assay  a 
crucible  having  a  larger  base  than  the  size  F  of  the 
Battersea  make.  The  button  could  then  lie  on  the  bottom 
and  be  surrounded  by  the  imp  re  slag,  the  top  being 
covered  by  pure  white  slag,  which  helps  redudion  and 
the  successful  colleding  of  the  metal  in  one  button.  If 
the  assays  are  made  in  the  muffle,  the  10  and  20-grm. 
(or  Colorado  A  and  B)  crucibles,  used  for  lead  and  assays, 
might  be  very  suitable  for  the  purpose. 

The  total  average  differs  here  only  0-35  per  cent  from 
the  chemical  analysis  ;  three  assays  agree  perfedly,  and 
the  fourth  shows  only  o-oi  grm.,  or  o-i  per  cent  difference, 
which  is  very  close.  The  percentage  of  tin  in  slags  and 
crucible  is  half  as  much  as  that  in  the  previous  assays 
(Table  VIII.),  suggesting  that  the  first  assays,  Nos.  35  to 
38,  might  have  been  benefited  by  a  longer  exposure  to 
the  heat. 

(To  be  continued). 
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To  General  A.  De  Courcy  Scott,  R.A., 

Water  Examiner,  Metropolis  Water  Act,  1871. 

London,  August  4th,  1890. 

Sir, — We  submit  herewith  the  results  of  our  analyses 
of  the  189  samples  of  water  colleded  by  us  during  the  past 
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month,  at  the  several  places  and  on  the  several  days  indi¬ 
cated,  from  the  mains  of  the  seven  London  Water  Com¬ 
panies  taking  their  supply  from  the  Thames  and  Lea. 

In  Table  I.  we  have  recorded  the  analyses  in  detail  of 
samples,  one  taken  daily,  from  July  1st  to  July 
31st  inclusive.  The  purity  of  the  water,  in  respedt  to 
organic  matter,  has  been  determined  by  the  Oxygen  and 
Combustion  processes;  and  the  results  of  our  analyses  by 
these  methods  are  stated  in  Columns  XIV.  to  XVIII. 

We  have  recorded  in  Table  II.  the  tint  of  the  several 
samples  of  water,  as  determined  by  the  colour-meter 
described  in  a  previous  report. 

In  Table  III.  we  have  recorded  the  oxygen  required  to 
oxidise  the  organic  matter  in  all  the  samples  submitted 
to  analysis. 

Of  the  189  samples  examined,  14  were  found  to  be  “  very 
slightly  turbid,”  the  remainder  being  clear,  bright,  and 
well  filtered. 

During  the  first  three  weeks  of  the  month  of  July  the 
condition  of  the  water  supply  to  the  Metropolis  continued 
to  be,  as  it  had  been  for  months  previously,  entirely 
satisfadtory  ;  but  during  the  last  ten  days  of  the  month 
there  was  manifested  an  appreciable  deterioration, 
especially  in  respedt  to  degree  of  colour-tint  upon  ex¬ 
amination  in  bulk,  consequent  on  the  exceptional  heavy 
rainfall  of  the  17th  and  18th.  This  deterioration  was 
noticeable  to  some  extent  in  the  supply  of  all  the  seven 
Companies,  but  more  especially,  as  shown  by  the  Tables, 
in  the  case  of  four  out  of  the  five  Companies  taking 
their  supply  from  the  Thames. 

That  the  deterioration  was  associated  with  but  an  in¬ 
significant  increase  in  the  proportion  of  organic  matter 
present  in  the  water — and  that  inferred  on  good  grounds 
to  be  mainly  of  a  vegetable  nature — is  shown  by  a  com¬ 
parison  of  the  determinations  of  organic  carbon  present 
in  the  water  supply  of  the  earlier  and  later  portions  of 
the  month,  with  the  determinations  of  the  degree  of 
colour-tint  manifested  during  the  same  periods  respedtivelv. 
Thus,  in  the  case  of  the  five  Companies  deriving  their 
supply  from  the  Thames,  while  the  mean  ratio  of  brown 
to  blue  tint  of  the  water  during  the  first  three  weeks  of 
the  month  was  as  13  :  20,  during  the  last  ten  days  of 
the  month  it  was  as  22  :  20.  But  as  regards  organic 
carbon,  the  mean  proportion  for  the  first  three  weeks  of 
the  month  being  o-i43  part  in  100,000  parts  of  the  water, 
with  a  maximum  of  o‘i6i  part  in  any  single  sample  ex¬ 
amined,  the  mean  proportion  for  the  last  week  of  the 
month  was  but  OM65  part  in  100,000  parts  of  the  water, 
with  a  maximum  of  o'i85  part  in  any  single  sample  ex¬ 
amined.  Altogether,  the  mean  proportion  of  organic 
carbon  for  the  entire  month  of  July  was  but  0152  part, 
as  against  a  mean  of  0’i50  part  for  the  month  of  June. 

As  regards  the  heavy  rainfall  of  the  month  and  con¬ 
sequent  unfavourable  condition  of  the  rivers,  it  is  to  be 
noticed  that  on  28  out  of  the  31  days  of  the  month  there 
was  an  appreciable  rainfall  in  the  Thames  and  Lea 
Valleys,  and  on  one  or  two  of  the  early  days  of  the 
month  a  decidedly  heavy  rainfall,  followed  up  by  the  re¬ 
markable  rainfall  of  the  17th,  and  very  considerable  rain¬ 
fall  of  the  following  day.  Mr.  G.  J.  Symons,  F.R.S., 
has  informed  us  that  the  mean  rainfall  for  the  month  in 
the  Thames  and  Lea  watersheds  was  3  73  inches,  of 
which  1 ’92,  or  nearly  two  inches,  fell  on  the  17th  and 
18th. 

Mr.  Symons  further  writes  us  word  :  “  The  rain  of  the 
17th  was  a  very  exceptional  if  not  unprecedented  one, 
not  on  account  of  the  absolute  totals  (though  one  gauge, 
Lord  Ebury’s,  at  Moor  Park,  Riekmansworth,  collected 
4'ig  inches,  and  another  at  Hillingdon,  Uxbridge, 
collected  4'oo  and  then  ran  over)  as  because  of  the  very 
large  area  with  upwards  of  two  inches,  and  the  con¬ 
siderable  area  with  more  than  three.”  Speaking  of  these 
high  returns,  he  has  elsewhere  observed,  11  It  is  perhaps 
noteworthy  that  they  are  all  from  stations  either  actually 
on  the  banks  of  the  Thames,  or  within  three  miles  of  it.” 
In  view  of  the  really  unprecedented  amount  of  the  rain- 
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fall — in  regard  to  the  wide  area  of  heavy  fall,  more  con¬ 
siderable  even  than  that  of  July  26th,  1867— it  is  only  to 
be  wondered  at  that  the  water  supply  to  the  Metropolis 
should  have  been  so  inconsiderably  affefted. 

We  are,  Sir, 

Your  obedient  Servants, 

William  Crookes. 
William  Odling. 

C.  Meymott  Tidy. 
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55.  “  The  Action  of  Heat  on  the  Chlorides  and 
Hydroxides  of  mixed  Quaternary  Ammonium  Compounds .” 
By  N.  Collie,  Pn.D.,  and  S.  B.  Schryver,  B.Sc. 

The  object  of  the  authors’  experiments  has  been  to 
devise,  if  possible,  a  general  method  for  preparing  mixed 
tertiary  amines.  One  of  them  (Collie,  Chem.  Soc.  Trans., 
1888,  714 — 726)  has  shown  that  mixed  tertiary  phosphines 
could  be  prepared  by  heating  the  quaternary  phosphonium 
compounds,  and  the  following  results  show  distinctly  a 
marked  analogy  between  the  compounds  of  nitrogen  and 
those  of  phosphorus. 

Hofmann  has  already  pointed  out  that  when  the 
hydroxides  of  mixed  quaternary  ammonium  compounds 
containing  ethyl  are  heated,  one  of  the  ethyl  groups  is 
invariably  eliminated  in  the  form  of  ethylene,  e.g., — 

(C2H5)3(C5Hii)N-0H  =  (C2H5)2(C5Hii)N+C2H4+H20; 

and  Lossen  has  obtained  similar  results.  But  none  of 
the  mixed  tertiary  amines  were  thus  prepared  in  a  state 
of  purity  ;  both  Hofmann  and  Lossen  were  content  to  re¬ 
convert  the  products  into  quaternary  ammonium 
chlorides  and  analyse  the  platinum  salts.  The  authors 
have  used  trimethylamine  and  triethylamine,  and  from 
these  tertiary  amines  have  prepared  the  quaternary  am¬ 
monium  compounds  by  heating  the  alcoholic  solution  of  the 
amine  with  the  iodide  or  chloride  of  primary,  secondary,  or 
tertiary  hydrocarbon  radicles  of  the  series.  The 

aCtion  of  heat  on  the  quaternary  ammonium  compounds 
containing  the  radicles  ally  1 ,  benzyl,  and  phenyl  has  also 
been  studied.  The  mixed  tertiary  amines  which  have 
thus  been  prepared  for  the  first  time  in  the  pure  condition 
are  : — 

Dimethylethylamine,  b.  p .  45 — 46°  C. 

Diethylmethylamine,  ,,  ..  ..  66 — 67°  C. 

Dimethylamylamine . 113 — 1140  C. 

Dimethylbenzylamine,  . . 178 — 1790  C. 

56.  “  Action  of  Phosphoric  Anhydride  on  Fatty  Acids." 
By  F.  Stanley  Kipping,  Ph.D.,  D.Sc. 

The  investigation  of  the  aCtion  of  phosphoric  anhydride 
on  fatty  acids  has  now  been  extended  to  palmitic  acid 
and  lauric  acid,  and  some  preliminary  experiments  have 
also  been  made  with  caproic  acid.  These  compounds, 
like  stearic  acid  and  heptylic  acid,  are  decomposed  by 
phosphoric  anhydride  at  a  moderately  high  temperature 
in  accordance  with  the  equation — 

2R-C00H  =  R2C0  +  C02+H20. 

As  the  ketone  produced  can  easily  be  obtained  in  a  pure 
condition  and  the  yield  is  also  good,  this  method  may  be 
conveniently  employed  for  the  preparation  of  the  com¬ 
pounds  in  question. 

Palmitone,  (CI5H3I)2CO,  can  be  prepared  by  heating 
palmitic  acid  at  200 — 2io°  and  gradually  adding  a  slight 
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excess  of  the  theoretical  quantity  of  phosphoric  anh)  dride. 
The  dark  brown  mass  is  allowed  to  cool,  treated  first  with 
water  and  then  with  soda  to  free  it  from  phosphoric  acid, 
and  the  residue  extracted  several  times  with  boiling 
alcohol ;  on  cooling,  the  ketone  separates  from  the 
alcoholic  extracts  as  a  yellowish  powder,  and  can  be  ob¬ 
tained  in  a  pure  condition  by  re  crystallising  it  from  boil¬ 
ing  alcohol.  The  yield  of  the  pure  product  is  more  than 
50  per  cent  of  the  theoretical.  It  is  a  colourless  crystal¬ 
line  powder  melting  at  82 — 83°.  The  liydroxime, 
(Ci5H3I)2C:N’OH,  forms  peculiar  fern-like  crystals  and 
melts  at  about  64 — 65°. 

Dipalmitylcarbinol,  (Ci5H3I)2CH 'OH,  is  obtained  by 
reducing  palmitone  with  sodium  in  boiling  alcoholic  solu¬ 
tion  ;  it  crystallises  from  alcohol  in  silky  plates  and  melts 
at  84 — 85°.  When  boiled  with  acetic  anhydride  for 
several  hours,  it  is  converted  into  a  colourless  crystalline 
nc«fy/-derivative,  (Cj5H31)2CH 'OAc,  melting  at  49 — 50°. 

Laurone ,  (CuH23)2CO,  can  be  easily  prepared  by 
heating  lauric  acid  at  220 — 230°,  with  a  slight  excess  of 
the  theoretical  quantity  of  phosphoric  anhydride  ;  at  a 
lower  temperature  the  acid  is  not  readily  decomposed. 
The  product  is  purified  as  described  in  the  case  of 
palmitone  ;  the  yield  is  about  40  per  cent  of  the  theoreti¬ 
cal.  The  liydroxime,  (C11H23)2C:N ‘OH,  is  formed  when 
the  ketone  is  heated  with  hydroxylamine  hydrochloride 
and  excess  of  potash  in  dilute  alcoholic  solution;  it  crys¬ 
tallises  from  alcohol  in  slender  needles  and  melts  at  39 — 
40°. 

Dilaurylcarbinol,  (CnH23)2CH,OH,  is  obtained  when 
the  ketone  is  reduced  with  sodium  and  water  in  ethereal 
solution  ;  it  crystallises  in  colourless  waxy  plates  and 
melts  at  75 — 76°.  The  acetyl  derivative, — 
(CuH23)2CH-OAc, 

is  formed  when  the  alcohol  is  boiled  with  acetic  anhy¬ 
dride  for  some  hours  ;  it  crystallises  from  methyl  alcohol 
in  colourless  plates  melting  at  34 — 350. 

Caproic  acid,  at  its  boiling-point,  is  decomposed  by 
phosphoric  anhydride,  giving  the  ketone  (C5HII)2CO  ;  the 
product  can  be  isolated  by  distillation  with  steam.  The 
yield  seems  so  be  fairly  good. 

57.  “  aa'-Dimethyl-aa'-diacetylpentane.”  By  F.  Stanley 
Kipping,  Ph.D.,  D.Sc.,  and  J.  E.  Mackenzie,  B.Sc. 

The  conversion  of  aa'-diacet) Ipentane  into  dimethyl- 
dihydroxyheptamethylene  on  reduction  (Kipping  and 
Perkin,  Proc.  Chein,  Soc.,  1889,  145)  being  an  adion  to 
which  much  interest  attaches,  the  authors  have  instituted 
experiments  with  a  view  to  ascertain  whether  other 
diketones  of  analogous  constitution  can  be  converted  into 
heptamethylene  derivatives  in  a  similar  manner.  The 
investigation  is  not  yet  completed,  but  aa'-dimethy  1- 
aa'-diacetylpentane  and  various  other  compounds  have 
already  been  prepared. 

Ethylic  aa' -dimethyl  aa' -diacetylpimelate, — 
C3H6(CMeAc-C02Et)2, 

can  be  obtained  by  treating  ethylic  methylacetoacetate 
with  trimethylene  bromide  and  sodium  ethoxide  in 
absolute  alcoholic  solution  ;  a  considerable  quantity  of 
compounds  of  lower  boiling-point  is  also  formed,  so  that 
the  yield  of  ethylic  dimethyldiacetylpimelate  is  only  50 — 
60  per  cent  of  the  theoretical.  It  is  a  colourless  oil  boil¬ 
ing  at  about  250°  under  a  pressure  of  60  m.m.  On  hydro¬ 
lysis  with  alcoholic  potash  the  ethereal  salt  is  decom¬ 
posed  into  dimethyldiacetylpentane,  dimethylacetyl- 
caproic  acid,  and  dimethylpimelic  acid,  the  relative 
quantity  of  each  of  these  three  compounds  depending  to 
a  considerable  extent  on  the  concentration  of  the  alcoholic 
potash,  and  on  the  manner  in  which  the  hydrolysis  is 
carried  out. 

aa’-Dimethyl-aa’-diacetylpentane, — 

CHMeAc-[CH2]3-CHMeAc, 

is  a  colourless  oil  boiling  at  198 — 201°  under  a  pressure 
of  112  m.m. :  it  shows  no  signs  of  crystallising  even  when 
cooled  to  o°.  The  dihydroxime, — 

OH-N:CMe-CHMe-[CH2]3-CHMe-CMe:N-OH, 


crystallises  from  a  mixture  of  benzene  and  light  petroleum 
in  colourless  needles  melting  at  95 — 96°. 

aa’ -Dimethylpimelic  acid, — 

COOH-CHMe-  [CH2]3-CHMe-COOH, 

separates  from  light  petroleum  in  compact  colourless 
crystals,  and  melts  at  74 — 75°;  it  is  readily  soluble  in 
water  and  most  organic  solvents.  The  silver  salt, 
C9HI404Ag2,  is  a  colourless,  seemingly  amorphous  com¬ 
pound,  only  sparingly  soluble  in  boiling  water. 

Ethylic  dimethylpimelate,  C9HI404Et2,  is  formed  in 
large  quantities  when  ethylicmethylacetoacetate  is 
treated  with  sodium  ethoxide  and  trimethylene  bromide 
in  alcoholic  solution  in  presence  of  a  small  quantity  of 
water ;  under  these  conditions  the  ethylic  dimethyl¬ 
diacetylpimelate  which  is  produced  in  the  first  case  seems 
to  be  completely  converted  into  the  ethylic  dimethyl¬ 
pimelate.  It  is  a  colourless  oil  boiling  at  igo — 1910.  On 
hydrolysis  with  alcoholic  potash  it  is  converted  into 
dimethylpimelic  acid. 

aw-Dimethyl-u)-acetylcjproic  acid, — 

CHMeAc-[CH2]3-CHMe-COOH, 

is  a  thick  colourless  oil  boiling  at  about  218 — 220°  under 
a  pressure  of  60  m.m.  ;  it  cannot  easily  be  obtained  in  a 
pure  condition. 

58.  “  Berberine .”  Part  II.  By  W.  H.  Perkin,  jun. 
Ph.D.,  F.R.S. 

In  Part  I.  of  this  research  (cf.  Chem.Soc.  Trans.,  1889, 
63)  the  results  of  preliminary  experiments  on  the  oxida¬ 
tion  of  berberine  with  varying  quantities  of  potassium 
permanganate  were  briefly  described,  and  a  short  account 
of  some  new  substances  obtained  during  these  experi¬ 
ments  appended.  In  the  further  prosecution  of  this 
research  very  large  quantities  of  the  alkaloid  have  been 
oxidised.  The  amounts  used  in  the  experiments  varied 
considerably,  but  some  of  the  best  results  were  obtained 
where,  in  each  operation,  7  grms.  of  berberine,  g  grms.  of 
potassium  permanganate,  and  about  1  grm.  of  potassium 
carbonate  were  used.  The  product  from  a  number  of 
such  operations  was  treated  with  sulphur  dioxide  until 
the  whole  of  the  manganese  precipitate  had  been  brought 
into  solution  ;  the  resulting  yellow  precipitate  was  then 
separated  from  the  yellow  solution  (A)  by  filtration, 
washed  with  water,  and  warmed  to  40°  with  a  dilute 
sodium  carbonate  solution,  by  which  means  about  one- 
half  of  the  precipitate  was  dissolved  (B). 

The  insoluble  residue  contains,  besides  two  substances 
— berberilic  anhydride,  C20Hj7N08  (m.  p.  236 — 237°),and 
berberal,  C20HI7N07  (m.  p.  130°) — which  have  been 
already  described,  a  new  base,  C20HigNOg,  which  is  very 
sparingly  soluble  in  water,  and  crystallises  in  flat  yellow 
plates;  and  small  quantities  of  two  other  substances. 

The  alkaline  solution  (B)  contains,  as  principal  product, 
a-berberilic  acid,  C20HI9NOg,  which  was  described  in  the 
lormer  paper.  This  acid,  when  heated  to  i8oc,  is  con¬ 
verted  into  berberilic  anhydride;  in  other  respeCts  it 
shows  great  similarity  to  ^-berberilic  acid,  which  is 
described  below. 

The  solution  (A)  was  evaporated  in  large  flat  basins  to 
about  half  its  bulk,  filtered  from  the  precipitate  (C)  which 
separates  and  then  evaporated  to  a  small  bulk  (D).  The 
precipitate  (C)  was  warmed  with  dilute  chlorhydric  acid 
till  free  from  inorganic  matter,  the  residue  washed  with 
water,  dried,  and  extracted  with  hot  acetic  acid,  by  which 
means  a  quantity  of  berberilic  anhydride  was  removed. 
The  insoluble  residue  was  dried  and  dissolved  in  a  small 
quantity  of  boiling  aniline,  from  which  solution  it  was 
deposited,  on  cooling,  in  glittering  yellow  plates,  having 
the  composition  C20Hi7N06. 

This  substance,  which  is  formed  in  very  small  quantities, 
has  only  been  superficially  examined.  It  is  characterised 
by  its  insolubility  in  the  usual  solvents,  and  by  the  faCt 
that  it  yields  a  beautifully  crystalline  potassium  salt  when 
dissolved  in  alcoholic  potash. 

The  highly  concentrated  liquors  (D)  were  extracted  30 
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times  with  ether,  the  ether  evaporated  and  the  semi-solid 
residue  boiled  with  water  until  the  greater  part  had  dis¬ 
solved  (E).  The  residue  dissolved  almost  entirely  in 
dilute  sodium  carbonate  aolution  (P),  leaving  a  dark 
brown  pasty  residue,  from  which,  by  treatment  with 
glacial  acetic  acid,  a  substance  crystallising  in  long 
brown  needles  can  be  isolated.  This  substance  melts  at 
167°,  and  has  the  formula  CIOH805,  and  dissolves  in  alkali 
with  formation  of  an  acid,  which  crystallises  from  water 
in  long  glittering  needles,  m.  p.  147°. 

The  alkaline  solution  (F)  acidified  with  chlorhydric 
acid,  deposits  a  brown  amorphous  precipitate,  which 
crystallises  from  glacial  acetic  acid  in  glittering  colourless 
plates,  which  melt  at  200°  with  decomposition  and 
charring. 

•  This  substance,  which  has  the  composition  C2oHI5N07, 
is  a  monobasic  acid,  yielding  highly  characteristic  salts, 
of  which  the  silver  salt,  C2oHI4N07Ag,  was  analysed. 
The  calcium,  lead,  and  zinc  salts  are  sparingly  soluble, 
but  beautifully  crystalline. 

The  solution  (F)  was  next  examined.  This  was  heated 
to  boiling,  rendered  slightly  alkaline  with  sodium  car¬ 
bonate,  and  allowed  to  stand  twenty-four  hours.  At  the 
end  of  this  time  the  liquid  is  found  to  be  filled  with  a 
mass  of  glittering  plates  of  a  new  base,  Ci0H9N03,  which 
will  be  described  in  detail  later  on.  These  are  filtered 
off,  the  alkaline  solution  neutralised  with  chlorhydric 
acid,  and  mixed  with  an  excess  of  strong  solution  of  cal¬ 
cium  chloride.  No  precipitate  is  producdd  in  the  cold, 
but  on  boiling,  a  crystalline  calcium  salt  separates.  This 
is  collected,  washed  with  a  little  water,  dissolved  in  hot 
dilute  hydrochloric  acid,  from  which  solution,  on  standing, 
a  quantity  of  crystals  separate.  These  crystals  are  a 
mixture  of  two  acids,  which  both  melt  at  i8_>°,  and  which 
can  be  separated  by  re-crystallisation  from  water.  The 
more  soluble  acid  is  hemipinic  acid.  The  second  acid  crys¬ 
tallises  from  water,  without  water  of  crystallisation,  in 
colourless  plates,  which,  on  analysis,  give  numbers 
agreeing  with  the  formula  CgHgOg.  The  silver  salt  has 
the  composition  CgH4C>6Ag2.  This  acid  is  most  probably 
identical  with  hydrastic  acid, — 

CH2<°>C6H2(COOH)2, 

which  Freund  and  Lachmann  ( Berichte ,  xxii.,  2324)  ob¬ 
tained  from  hydrastinine,  and  which  melts  at  175°. 

The  following  are  the  results  of  the  examination  of  the 
principal  products  described  above: — 

1.  Berberilic  anhydride,  C20HI7NOs,  m.  p.  236—237°, 
does  not  combine  with  phenyl  hydrazine.  When  boiled 
with  acetic  anhydride  for  some  hours  it  is  converted  into 
an  acetate,  C20Hi6NO7(C2H3O2),  which  crystallises  from 
acetic  anhydiide  in  hard  light  yellow  prisms  melting  at 
140°.  Boiling  dilute  sulphuric  acid  decomposes  this 
acetate  quantitatively  into  berberilic  anhydride  and  acetic 
acid.  Pentachloride  of  phosphorus  converts  berberilic 
anhydride  into  a  chloride,  C20Hi6NC107,  which  crystal¬ 
lises  from  benzene  in  hard  garnet-red  prisms  melting  at 
167°.  This  substance  is  readily  adted  on  by  water  and 
re-converted  into  berberilic  anhydride.  Berberilic  anhy¬ 
dride  dissolves  readily  in  warm  dilute  caustic  soda  solu¬ 
tion,  with  formation  of  /8  berberilic  acid,  which  is  pre¬ 
cipitated  on  the  addition  of  acids  as  a  white  sticky  mass, 
which  becomes  hard  on  standing. 

This  new  acid  crystallises  from  dilute  alcohol  in  warty 
masses,  and  melts  at  180°,  being  at  this  temperature  re¬ 
converted  into  its  anhydride.  Its  composition  is— 

C2oHlgNOg, 

and  it  is  isomeric  with  a  berberilic  acid,  which  melts  at 
about  140°. 

A  number  of  salts  were  prepared  by  precipitating  a 
neutral  solution  of  the  ammonium  salt  with  various 
agents.  1  hese  salts,  however,  are  not  derived  from  ber¬ 
berilic  acid,  C20HigNOg,  but  all  contain  one  molecule  of 
water  less,  and  are  therefore  derivatives  of  the  anhydride 
C20H17NO8.  The  silver  salt,  C20Hi6AgNO8,  is  a  white 
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amorphous  mass.  The  methylic  salt,  C20Hi6(CH3)NO8, 
prepared  by  the  adion  of  methyl  iodide  on  the  silver  salt, 
crystallises  from  acetic  acid  in  glittering  plates,  which 
melt  at  178 — 179°.  As  it  was  thought  possible  that  the 
methyl-group  might  be  attached  to  nitrogen,  the  adion  of 
hydrogen  iodide  on  this  methyl  salt  was  investigated,  and 
it  was  found  that  three  methoxy-groups  were  present,  two 
belonging  to  the  berberine  molecule.  The  substance  is 
therefore  a  true  methylic  salt. 

The  most  important  readion  of  fl-berberilic  acid  is  the 
change  which  this  substance  undergoes  on  hydrolysis. 
When  boiled  with  dilute  sulphuric  acid  (5  per  cent),  it 
dissolves  completely,  being  converted  quantitatively  into 
hemipinic  acid  and  a  new  base  : — 

C2oHigNOg-)-  H20  =  CioHio06  +  Ci0HiiN04, 

small  quantities  of  berberilic  anhydride  being  always  re¬ 
generated  during  the  decomposition. 

After  extrading  the  hemipinic  acid  by  ether,  the  sul¬ 
phuric  acid  liquors  are  evaporated  to  a  small  bulk,  and 
then  allowed  to  stand  forty-eight  hours,  when  the  sul¬ 
phate  of  the  base  separates  in  large  slightly  brownish 
coloured  tablets.  These  are  collected,  dissolved  in  water, 
treated  by  the  calculated  quantity  of  baryta-water,  and 
the  solution  gently  evaporated.  The  concentrated  solu¬ 
tion  deposits  the  base  in  large  flat  monoclinic  plates 
which  melt  at  180 — 182°,  and  contain  1  mol.  of  water. 
The  platinochloride,  (CIOHIIN04iiCl)2PtCl4,  crystallises 
from  water  in  dark  yellow  needles  which  melt  at  about 
220°.  Nitrous  acid  converts  the  base  into  a  substance  of 
the  formula  CxoH804,  which  will  be  described  later  on. 

When  heated  to  180°,  or  digested  with  strong  potash 
solution,  or  even  simply  boiled  with  water  for  some  time, 
the  base  loses  the  elements  of  a  molecule  of  water,  and 
is  converted  into  another  base,  CIOHgN03. 

This  important  substance  crystallises  from  water  in 
magnificent  colourless  glittering  plates  which  melt  at 
182°.  It  is  feebly  basic,  its  salts  being  only  stable  in  the 
presence  of  large  quantities  of  acid.  It  is  a  very  stable 
substance,  and  when  boiled  with  dilute  nitric  acid  is 
principally  converted  into  a  nitro-derivative, — 
CioH8(N02)N03, 

which  crystallises  from  water  in  yellow  plates,  m.  p. 
175 — 180°.  If  the  base  be  dissolved  in  a  large  quantity  of 
dilute  chlorhydric  acid  (iHCl  to  2H20),  well  cooled,  and 
the  calculated  quantity  of  sodium  nitrite  (1  mol.  prop.) 
atlded,  an  immediate  precipitate  of  a  yellow  nitroso- 
compound,  CioH8(NO)N03,  is  produced.  This  crystal¬ 
lises  from  alcohol  in  glittenng  yellow  needles  which  melt 
at  195 — 196°  with  decomposition.  When  boiled  with 
dilute  caustic  soda,  this  nitroso-compound  rapidly  dis¬ 
solves  with  evolution  of  nitrogen, — 

CioH8(NO)N03  +  H20  =  CIoH1oOs  +  N2. 

The  new  substance  melts  at  146°,  and  is  readily 
soluble  in  hot  water  and  most  of  the  usual  solvents.  It 
is  an  acid,  the  salts  of  which  are  fairly  characteristic. 
The  silver  salt,  CIOHgAg05,  is  crystalline,  and  soluble  in 
hot  water.  When  heated  to  150°,  or  boiled  with  water, 
this  substance  readily  loses  1  mol.  of  water,  and  is  con¬ 
verted  into  its  anhydride,  CIOH804. 

This  substance  crystallises  from  water  in  large  flat 
plates  which  melt  at  126°,  and  distils  almost  without  de¬ 
composition.  It  is  re-converted  by  dissolution  in  alkalies 
into  the  acid  CioHio05.  Nitric  acid  produces  a  light 
yellow  mononitro-compound,  Cx0H7(NO2)O4,  which  melts 
at  197°.  A  number  of  experiments  were  tried  with  the 
object  of  oxidising  the  molecule  to  some  well  known  acid, 
but  without  success,  the  substance  being  either  unadted 
on  or  else  completely  destroyed  by  the  oxidising  agents 
employed.  Gently  fused  with  potash,  the  substance 
yields  a  mixture  of  pyrocatechol  and  protocatechuic  acid. 

When  heated  with  hydriodic  acid  in  Zeisel’s  apparatus, 
no  trace  of  methyl  iodide  was  evolved,  a  proof  that  the 
molecule  contains  no  methoxyl-groups ;  chlorhydric  acid 
(iHCl  to  4H20)  at  170 — 175°  decomposes  the  substance, 
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however,  and  apparently  quantitatively,  with  deposition 
of  carbon  and  formation  of  a  new  compound, — 

C9H804  =  CI0H  804  —  C. 

This  compound  crystallises  from  water,  in  which  it  is 
very  soluble,  in  warty  masses  which  melt  at  about 
220 — 2250.  Its  aqueous  solution  shows  with  ferric 
chloride  the  most  intense  pyrocatechol  readlion  ;  it  gives 
a  white  precipitate  with  acetate  of  lead,  and  reduces  both 
Fehling’s  solution  and  ammoniacal  nitrate  of  silver. 

The  result  shows  that  all  these  derivatives  contain  the 
piperonyl-group, — 

CH2<°>C6H4, 

the  constitution  and  proposed  nomenclature  of  these  sub¬ 
stances  being  apparent  from  the  following  table : — 


CI.H„NO<-CHa<°>C6Ha<gOO»Hi|.NH>  - 

=  (j  Amidoethylpiperonylcarboxylic  acid. 
XX  /CO  —  NH 

cioh9no3=ch2<  >c6h2<  1 

xo/  xCH2— ch2 

=  w-Amidoethylpiperonylcarboxylic  anhydride. 

C„H„05  -CH2<°>C6H2<g°°HHa.0H  - 

=  w-Hydroxyethylpiperonylcarboxylic  acid. 


/Ov  /CO — O 

cI0h8o4=ch2/  >C6H2<  1 

\chx-ch2 

=  w-Hydroxyethylpiperonylcarboxylic  anhydride. 
HOx  /CO— O 

c9h8o4=  >c6h2<  I 

HO/  xch5-ch2 

=  w-Hydroxyethylpyrocatecholcarboxylic  anhydride. 


Freund  and  Will  ( Berichte ,  xx.,  2400),  in  their 
researches  on  hydrastine,  describe  a  substance,  oxy- 
hydrastinine,  obtained  by  the  atfiion  of  caustic  potash  on 
hydrastinine,  which  they  subsequently  prove  to  have  the 
constitution — 

/Ox  /CO — n-ch3 

ch2<  >c6h2<  I 
XX  \CH2  -  ch2 

If  the  formulae  assigned  to  the  compounds  above  be 
corredt,  this  oxyhydrastinine  must  be  a  methyl-derivative 
of  the  compound  CIOHqN03,  and  in  order  to  confirm 
these  formulae  every  effort  was  made  to  convert  the  sub¬ 
stance  CIOHgN03  into  oxyhydrastinine. 

The  experiments  first  made  in  this  direction  are  the 
following : — 

1.  Ci0H9NO3and  CI0HI1NO4  were  treated  with  methyl 
iodide  under  various  conditions,  with  and  without  the 
addition  of  alkali. 

2.  CioHs04  was  heated  with  methylamine  and  with 
methylamine  acetate  in  a  sealed  tube. 

3.  CioHioC>5  was  converted  into  the  methylamine  salt, 
and  this  was  distilled. 

But  all  these  experiments  failed  to  produce  the  change 
desired.  The  transformation  was,  however,  ultimately 
accomplished  in  the  following  way: — The  compound 
C10H8O4  is  converted  by  phosphorus  pentachloride  into 
the  chloride  CI0H9O4Cl,  which  crystallises  from  chloro¬ 
form  in  glittering  needles  melting  at  1590.  This  sub¬ 
stance  is  remarkable  for  the  ease  with  which  it  loses 
hydrogen  chloride,  and  is  re-converted  into  Ci0II804. 
This  change  takes  place  on  heating  to  150°,  or  on  heating 
with  alkalies,  or  reducing  with  zinc-dust  and  acetic  acid, 
and  also  on  heating  with  methylamine  in  alcoholic  solu¬ 
tion  in  a  sealed  tube. 

In  order  to  prevent  this,  the  carboxyl-group  was  pro¬ 
tected  by  converting  the  chloride  into  its  methylic  salt. 
For  this  purpose,  Ci0HsO4  was  treated  in  chloroform 


solution  with  an  excess  of  pentachloride  of  phosphorus, 
the  chloroform  distilled  off,  and  the  residue  poured  into 
methyl  alcohol.  The  methylic  salt  was  thus  obtained  as 
a  white  powder,  which  crystallised  from  dilute  methyl 
alcohol  in  beautiful  woolly  tufts  of  needles  melting  at  83°. 

When  this  was  heated  with  methylamine  in  alcoholic 
solution  at  130°  for  six  hours  and  the  product  was  boiled 
with  alcoholic  potash,  oxyhydrastinine  was  almost 
quantitatively  obtained,  thus  : — 

CH2<°>C6HI<“°g«Jcl  +  NH2CH2  = 

=  hc1+ch*<o>C6H2<ch?ch!-nhch,  " 

/Ox  /CO-NCH3 

-  ch2<  >c6h2<  I  +  ch3oh. 
XX  xch2-ch 


The  substance  obtained  in  this  way  melted  at  98°,  and 
showed  all  the  propert  es  of  oxyhydrastinine. 

2.  Berberal,  C20HI7N07,  m.  p.  150°. — When  in  a  finely 
divided  state  and  very  pure,  berberal  is  moderately  readily 
hydrolysed  by  boiling  dilute  sulphuric  acid  (containing  20 
per  cent  H2S04),  a  clear  slightly  brownish  coloured  solution 
resulting.  Ether  extracts  from  this  solution  a  colourless 
crystalline  mass,  which,  when  treated  with  dilute  sodium 
carbonate,  is  separated  into  the  base  CI0H9NO3,  described 
above,  and  a  new  acid.  This  latter  substance  crystallises 
from  water  in  beautiful  long  satiny  needles  which  melt 
at  121°,  and  on  analysis  give  numbers  agreeing  with  the 
formula  CioHio08.  The  analysis  of  the  silver  salt, 
CIOH9Ag05,  showed  the  acid  to  be  monobasic.  When 
treated  with  hydrogen  iodide  in  Zeisel’s  apparatus, 
results  were  obtained  which  proved  that  the  acid  con¬ 
tained  two  methoxyl  groups.  Fusion  with  potash  converts 
the  acid  into  protocatechuic  acid;  but  if  caustic  potash 
solution  (sp.  gr.  i-4)  be  employed  and  the  acid  simply 
digested  with  this  on  a  reflux  apparatus,  an  almost 
quantitative  yield  of  veratric  acid,  (CH30)2C6H3C00H 
(m.  p.  177 — 178°),  is  obtained. 

When  subjected  to  the  aCtion  of  hydroxylamine  in 
alkaline  solution  at  ordinary  temperatures,  a  hydroxime, 
CjoHjxNOs,  is  produced.  This  crystallises  in  fine 
needles,  which,  when  heated,  melt  at  1240,  but  at  once 
become  solid  again,  and  then  do  not  again  melt  till  the 
temperature  is  raised  to  2130.  In  order  to  investigate 
this  decomposition,  the  pure  hydroxime  was  heated  to 
1800  for  fifteen  minutes  and  the  residue  re-crystallised 
from  alcohol.  Beautiful  needles  were  thus  obtained 
which  melted  at  224 — 226°,  and  were  readily  identified  as 
hemipinimide. 

The  acid  Ci0Hi005  is  readily  reduced  by  sodium 
amalgam,  being  converted  into  an  acid  which,  when  pre¬ 
cipitated  from  its  alkaline  solution  by  the  addition  of  an 
acid,  at  once  loses  water  with  formation  of  pseudo- 
mekonin, — 

CH30  r  tt  CH2  j-. 

ch3o>C(5H2<:co  >0, 

This  substance  crystallised  from  water  in  long  needles 
melting  at  122 — 1230,  and  possessed  all  the  properties 
ascribed  to  pseudomekonin  by  Solomon  ( Ber .,  xx.,  884). 
These  experiments  prove  conclusively  that  the  acid 
C10H10O5  has  the  constitution  represented  by  the 
formula — 

CH30 

CH30  coh 
l COOH 


and  it  thus  bears  a  very  close  relationship  to  opianic 
acid, — 


ch3o 

ch3o 

NX: 


COOH 

COH 
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which  is  brought  out  in  a  most  interesting  way  by  a 
parallel  study  of  the  reactions  of  the  two  substances; 
thus,  for  instance,  on  reduction  both  yield  mekonins,  and 
with  hydroxylamine  both  yield  hydroximes,  which,  when 
gently  warmed,  are  converted  into  hemipinimiue,  Tne 
acid  CX0H10O5  may  therefore  be  called  pseudopianic  acid. 

These  experiments  throw  considerable  light  on  the 
constitution  of  berberal.  This  substance  on  hydrolysis 
yields  pseudopianic  acid  and  the  base — 


Ox  /CO—  NH 

CH2<  >C6H  2(  |  ; 

xx  \ch2— ch2 


its  constitution  is  therefore  probably  represented  by  the 
fo:  mula — 


CH3-Ox  /COC(OH)- 

>c6h2<  1 


/°\ 

c6h2<  >ch2. 


ch3-o/'  xx>n-ch2-ch3- 

Berberilic  anhydride ,  C20Hi7NQ8,  yields  on  hydrolysis 
hemipinic  acid  and  the  base — 

no  H  ^COOH 

^W2<0>'-6W2<CH  ch  nh  , 


it  has,  therefore,  possibly  the  following  constitution  :  — 

CH30  r  tt  CO-O-CO - -  p  ,,  O .  p„ 

CH30>U6hl2<C0-NH-CH2-CH2>U6l'l2<0>UH2- 

These  experiments  also  show  : — 

1.  The  nature  of  all  the  oxygen  atoms  in  the  molecule 
of  berberine,  C20HI7N04,  thus  precluding  the  hypothesis 
that  berberine  owes  its  colour  and  tinctorial  power  to  the 
presence  of  a  quinone-group. 

2.  That  berberine  is  an  isoquinolinederivative. 

3.  That  berberine  is  closely  related  to  hydrastine, 
narcotine,  and  papaverine. 

Further  experiments  must  decide  the  question  of  the 
exaCt  constitution  of  berberine  ;  but  the  author  is  of  the 
opinion  that  the  following  formula  explains  well  all  the 
reactions  of  this  alkaloid  which  have  hitherto  been 
investigated : — 

CH3(\  /C-CH  - -  x  /Ov 

>C6H2(  il  |  >c6h2/  >ch2. 

CH3CK  \c-N-CH2-CH2/  XX 

The  discussion  of  this  formula  will  be  attempted  in  the 
detailed  paper. 

(To  be  continued). 


ROYAL  INSTITUTION  OF  GREAT  BRITAIN. 
General  Monthly  Meeting ,  July  7,  1890. 

Sir  James  Crichton-Browne,  M.D.,  LL.D.,  F.R.S., 
Treasurer  and  Vice-President,  in  the  Chair. 


The  following  were  elected  Members  of  the  Royal 
Institution  : — Thomas  Townsend  Bucknill,  Q.C. ;  Edward 
A.  Harvey;  Malcolm  Morris,  F.R.C.S.  ;  and  William 
Thomas  Rabbits,  F.L.S, 

The  Presents  received  since  the  last  Meeting  were 
laid  on  the  table,  and  the  thanks  of  the  Members  returned 
for  the  same. 


NOTICES  OF  BOOKS. 

The  Gas  and  Water  Companies  Directory ,  1890.  Edited 
by  C.  W.  Hastings.  London:  Hazell,  Watson,  and 
Viney,  Limited. 

This  work  is  of  less  interest  from  a  technical  or  a  sanitary 
point  of  view  than  are  its  companion  volumes.  But  it  is 
certain  to  be  of  great  value  to  persons  investing  in  gas 
and  water  undertakings,  or,  as  the  editor  puts  it,  “  to  all 
interested  in  the  great  question  of  supplying  light  and 
water  for  the  public  benefit.”  It  might  here  well  be  asked 


how  many  promoters,  directors,  or  shareholders  of  such 
undertakings  think  of  the  “  public  benefit  ”  at  all,  or  of 
anything  save  tire  great  question  ol  dividends. 

Several  new  features  have  been  added  to  the  work 
which  will  increase  its  value.  It  appears  that  enquiries 
have  often  been  made  by  secretaries,  managers,  &c.,  as  to 
the  amount  paid  by  gas  and  water  undertakings  for 
taxation,  local  and  national.  Whether  such  officials  think 
that  their  respective  companies  are  too  heavily  taxed  is  a 
point  upon  which  we  cannot  enter. 

Another  feature  is  a  directory  of  firms  supplying  articles 
likely  to  be  needed  by  gas  and  water  undertakings. 

The  third,  and  we  must  say  the  most  important, 
novelty  is  an  “  Electric  Lighting  Section.”  If  we  take  a 
page  of  this  section  we  find  it  divided  into  the  following 
columns  :  Name  of  town  ;  name  and  address  of  company 
(if  not  municipal) ;  date  of  formation  ;  capital  ;  system  ; 
capacity  ;  price  per  unit ;  name  of  secretary  ;  name  of 
electrician  in  charge  ;  and  area  of  supply,  with  remarks. 
Fifty-six  towns  or  municipal  districts  are  already  pro¬ 
vided  with  eleCtric  lights  or  the  necessary  installations 
are  in  a  very  advanced  state. 


Gas  Works  Statistics,  1890.  Edited  by  C.  W.  Hastings. 

London  :  Hazell,  Watson,  and  Viney,  Limited. 
Companies  and  towns  have  responded  much  more 
generally  to  the  editor’s  request  for  information  concerning 
their  gas-produCtion  than  touching  their  water  supplies. 
Many  of  the  returns  are  made  up  only  to  a  rather  remote 
date  ;  thus  Castleford,  Chertsey,  and  Chigwell  only  carry 
their  accounts  down  to  1884,  whilst  Dartford  and  Grant¬ 
ham  go  merely  to  1883. 

Some  towns  have  worked  very  neatly,  consuming 
exactly  as  much  gas  as  they  made  in  the  year.  Chatteris 
does  better  still;  it  made  3161  thousand  feet  of  gas  and 
sold  3486.  Whether  the  extra  325  thousands  were  gas 
remaining  in  stock  from  a  former  season  or  air  which  had 
leaked  in  it  does  not  appear. 

The  general  illuminating  power  of  gas  has  improved  of 
late  years.  Berwick  heads  the  list  with  30  candle-power, 
followed  by  Liverpool  with  2i|,  and  Matlock  Bridge  with 
2i,  and  twenty  towns  dispense  2.0  candle  gas,  whilst 
19  and  18  are  fairly  common.  Nevertheless  not  a  few 
places  keep  to  the  good  old  rule  of  14  candles. 

In  Scotland  the  quality  of  the  gas  is  much  higher  than 
in  England.  Highest  comes  Colinsburgh  with  its  65 
candle  gas,  made  from  oil.  In  27  towns  the  standard  is 
30  or  upwards,  in  no  case  does  it  fall  as  low  as  20.  With 
the  single  exception  of  Berwick  the  best  English  gas  falls 
short  ot  the  poorest  in  Scotland. 

In  Ireland  the  quality  of  the  gas  is  equal,  on  the 
average,  to  that  of  England.  Larne  takes  the  lead  with 
22  candle  gas  ;  14,  the  lowest  figure,  occurs  very  rarely. 

It  does  not  appear  that  in  any  of  the  three  kingdoms 
the  price  of  gas  is  a  function  of  its  illuminating  power. 


The  Water  Works  Statistics,  1890.  Edited  by  C.  W. 

Hastings.  London  :  Hazell,  Watson,  and  Viney. 

As  in  formeryears  certain  towns  still  negleCt  or  decline  to 
furnish  information  to  this  publication.  Among  the  de¬ 
faulting  places  are  Aylesbury,  Tring,  Durham,  and 
Kingston-on-Thames.  Two  new  columns  have  been 
added,  showing  “  storage  capacity  ”  and  “  daily  con¬ 
sumption  per  head,”  but  on  these  points  a  majority  of  the 
towns  are  silent.  The  latter  piece  of  information,  when 
procurable,  would  be  very  useful  in  calculating  the  dry- 
weather  flow  of  sewage.  Concerning  the  value  of  the 
column  “  Death  rate,”  we  are  not  free  from  doubts.  No 
one,  of  course,  questions  the  danger  of  polluted  water. 
But  the  faCtors  which  affeCt  the  sanitary  condition  of  a 
community  are  so  many  and  so  varied  that  we  do  not 
feel  free  to  argue  from  the  death-rate  to  the  comparative 
merits  of  hard  and  soft  waters. 


no 


Chemical  Notices  from  Foreign  Sources 


I  Chemical  News, 
l  Aug  29,1890. 


The  information  concerning  the  water-supplies  of 
Scottish,  Irish,  and  Welsh  towns  is  somewhat  meagre, 
and  is  mixed  up  with  returns  from  foreign  parts,  but  only, 
it  would  appear,  from  towns  which  are  supplied  by 
English  water  companies. 

A  foot-note  on  p.  6  is  a  curiosity.  We  are  told  that  a 
certain  water  “  requires  to  be  hardened,”  but  we  cannot 
trace  to  what  town  this  note  refers.  We  are  inclined  to 
say  that  no  water  requires  to  be  hardened  except  it  con¬ 
tains  free  alkali,  and  to  harden  such  a  water  usefully 
would  be  a  difficult  matter. 

The  information  under  the  head  “  Source  of  Supply  ” 
is  still  somewhat  promiscuous.  Some  towns  tell  us, 
sensibly  enough,  that  their  wells  or  springs  are  in  the 
chalk,  the  greensand,  the  new  red,  or  the  millstone  grit, 
as  the  case  may  be.  Others  curtly  say  “  springs,” 
“  gathering  grounds,”  “wells,”  &c.,  without  stating  the 
geological  formation.  Such  answers  are  not  of  the 
slightest  value. 

We  are  still  of  opinion  that  the  statistics  might  be 
exceedingly  valuable  if  municipalities  and  companies 
would  loyally  cooperate  with  the  editor. 

Might  we  suggest  that  statistics  of  sewage  treatment — 
whether  irrigation,  filtration,  or  precipitation,  and  in  the 
two  latter  cases  by  what  process — would  form  a  very 
useful  companion  pamphlet. 


CHEMICAL  NOTICES  FROM  FOREIGN 
SOURCES. 


Note. — All  degrees  of  temperature  are  Centigrade  unless  otherwise 

expressed. 

Comptes  Rendus  Hebdutnadaires  des  Seances,  de  ’ Academic 
des  Sciences.  Vol.  cxi.,  No.  6,  August  n,  1890. 

Equilibria  and  Reciprocal  Displacements  of  the 
Volatile  Alkalies. — M.  Berthelot. — If  the  initial  bodies 
or  products  undergo  no  dissociation,  and  if  they  are  in 
conditions  favourable  for  setting  the  rea&ions  on  foot, 
the  magnitude  of  the  heats  liberated  alone  determines  the 
phenomena.  But  if  certain  of  the  initial  bodies  orprodudts 
are  capable  of  dissociation,  the  existence  and  the  degree 
of  this  dissociation  must  be  taken  into  account.  If  we 
have,  e.g.,  a  salt  in  solution  but  in  part  dissociated  into 
free  base  and  a  free  acid,  the  whole  forming  a  system  in 
equilibrium  ;  if  we  add  another  base  then,  whatever  may 
be  its  relative  strength,  it  will  necessarily  tend  to  seiz 
the  fraction  of  free  acid  resulting  from  the  dissociation  uf 
the  antagonistic  salt.  In  consequence,  the  primitive 
equilibrium  will  be  disturbed  and  a  new  dose  of  the  initial 
salt  will  be  dissociated,  reproducing  some  proportion  of 
acid,  which  in  turn  will  be  taken  up  by  the  second  base. 
If  the  salt  of  the  second  base  is  capable  of  being  elirnin- 
ated  by  insolubility  or  volatility  the  laws  of  Berthelot 
come  into  adtion. 

Death  of  M.  Chancel. — The  Secretary  announced  to 
the  Academy  the  decease  of  M.  Chancel,  Correspondent 
of  the  Sedtion  of  Chemistry,  which  took  place  at  Mont¬ 
pellier,  August  5,  1890. 

Certain  Novel  Hydrates  of  Gas.  —  M.  Villard. — The 
author  has  previously  indicated  the  existence  of  solid 
hydrates  of  methane  and  ethane,  and  he  has  now  experi¬ 
mented  on  their  higher  homologue,  propane,  which  he 
has  prepared  by  the  method  of  Prof.  Schorlemmer.  He 
finds  it  difficult  to  obtain  a  pure  hydrate  by  compression. 
The  compound  obtained  presents  at  o°  a  dissociation 
temperature  bordering  upon  one  atmosphere,  and  it  may 
be  preserved  indefinitely  below  8’5°  under  suitable 
pressures.  An  admixture  of  air  has  no  influence  upon 
the  temperature  of  destrudtion  of  this  hydrate,  which  is 
still  8'5°,  even  under  strong  pressures.  The  critical  tem¬ 


perature  of  the  hydrates  formed  by  methane,  ethane,  and 
propane,  falls  if  we  pass  from  a  carbide  to  its  higher 
homologue  ;  the  compounds  are  destroyed  respectively  at 
2i’5%  I4'5°,  and  8’5°.  It  is  sufficiently  proved  that  carbon 
tetra-  and  di-fluoride,  methylene  fluoride,  and  fiuoroform, 
can  yield  with  water  four  solid  hydrates  having  the 
respective  destruction  temperatures  20-4°,  io^0,  17  '6°,  and 
21-8°. 

A  New  Fatty  Acid. — E.  Gerard. — The  fatty  acid  in 
question  is  obtained  from  the  seeds  of  Datura  stramonium. 
Its  composition  answers  to  the  formula  C34H34O4.  The 
acid  is,  in  its  properties,  intermediate  between  the  palmitic 
and  the  stearic,  though  its  melting-point  is  decidedly 
lower  than  that  of  the  more  fusible  of  its  two  homologues. 
The  author  proposes  for  it  the  name  daturic  acid. 

Researches  on  the  Purple  of  Purpura  capillus. — 
Augustin  Letellier. — At  the  moment  when  the  colouration 
appears  in  the  coloured  band  in  the  body  of  this  mollusc 
an  offensive  and  penetrating  odour  is  given  off  which 
contains  sulphur,  and  behaves  with  sulphuric  acid  and 
with  water  like  ally  1  sulphide.  No  ammoniacal  salts  are 
present,  but  there  exists  a  cyanide  or  a  sulphocyanide, 
and  the  presence  of  carbamides  or  sulphocarbamides  may 
be  suspeCled. 


Revue  Generate  des  Sciences  Pares  et  Appliques. 

Vol.  i.,  No.  14,  July  30,  1890. 

Annual  Review  of  Pure  Chemistry. — E.  Etard. — In 
this  summary  the  author  calls  attention  to  the  revived 
interest  in  general  or  physical  chemistry  which  has  cha¬ 
racterised  the  last  few  years.  The  questions  of  dissocia¬ 
tion,  of  thermo-chemistry,  of  electrolysis,  and  chemical 
optics  have  given  scope  for  much  valuable  research.  A 
most  important  development  is  that  chemists  now  feel  it 
to  be  unphilosophical  to  imagine  atoms  or  molecules 
fixed  on  a  surface  without  thickness,  and  enlarging  the 
notion  of  relative  progression,  they  have  come  to  admit 
formulae  in  space,  thus  recognising  the  study  of  stereo¬ 
chemistry.  It  is  now  found  that  by  the  simple  inspection 
of  a  constitutional  formula  we  may  foretell  whether  the 
body  is  or  is  not  endowed  with  a  rotatory  power.  In  a 
chapter  on  inorganic  chemistry  the  author  complains  that 
in  a  life  which  is  continually  becoming  harder  the  brain- 
working  classes  have  no  longer  time  for  trains  of  research 
which  are  of  necessity  slow.  He  points  out  how  the 
groups  of  the  cerium  and  the  yttrium  metals  tend  to 
dislocate  the  classification  of  Prof.  Mendeleeff.  In  or¬ 
ganic  chemistry  M.  Etard  mentions  the  numerous 
transitions  which  have  been  effected  between  the  fatty 
and  the  aromatic  series,  and  he  calls  attention  to  the 
curious  faCt  that  no  polygon  of  more  than  six  sides  has 
been  found  to  exist. 


'pHE  MASON  COLLEGE,  BIRMINGHAM. 

SESSION  1890-91. 


Faculties  of  A  rts  and  Science. 


The  next  SESSION  commences  on  T_esday,  September,  30,  1890. 
A  SYLLABUS  containing  full  information  as  to  the  various 
Courses  of  Instrudfion,  Lefture  Days  and  hours,  Fees,  Scholarships, 
&c.,  is  published  by  Messrs.  Cornish,  New  Street,  Birmingham, 
price  6d.,  post  free,  8d. 

F  urther  particulars  may  be  obtained  on  application  to  the  Secre¬ 
tary,  at  the  College. 

R.  S.  FIEATH,  Principal. 

GEO.  H.  MORLEY.  Secretary. 

CT.  PAUL’S  SCHOOL. — An  Examination 

for  filling  up  about  Fifteen  Vacancies  on  the  Foundation  will 
be  held  on  the  10th  September  next. —  For  information  apply  to  the 
Bursar,  St.  Paul’s  School,  West  Kensington. 

pOR  SALE.  —  The  Chemical  Gazette. 

■*-  Complete  Set  (unbound  and  uncut),  17  volumes;  from  Novem¬ 
ber,  1842,  to  December,  1859.— Address,  “  Publisher,”  Chemical 
News  Office,  Boy  Court,  Ludgate  Hill,  London,  E.C. 
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Many  who  had  the  pleasure  of  listening  last  year,  at 
Newcastle,  to  the  interesting  and  instructive  Address  of 
the  President  to  whom  I  am  a  most  unworthy  successor, 
could  not  fail,  both  by  the  chief  subjed  of  his  discourse 
and  by  the  circumstance  of  the  official  position  which  he 
occupies  with  so  much  benefit  to  science  and  the  public, 
to  have  their  thoughts  directed  to  the  illustrious 
naturalist  whose  philosophical  Address  delighted  the 
members  of  the  Association  and  the  people  of  Leeds 
thirty-two  years  ago. 

More  than  one-half  the  period  of  existence  of  this 
Association  has  passed  since  Richard  Owen  presided  over 
its  meeting  in  this  town.  Alas  1  what  gaps  have  been 
created  in  the  ranks  of  those  who  then  were  prominent 
for  activity  in  advancing  its  work ;  the  then  General 
Secretary,  Sir  Edward  Sabine;  the  all-popular  Assistant- 
general  Secretary,  John  Phillips;  the  Treasurer,  John 
Taylor,  now  live  with  us  only  through  their  works  and 
the  enduring  esteem  which  they  inspired.  But  very  few 
of  those  who  held  other  prominent  positions  at  that 
meeting  have  survived  to  see  the  Association  re-assemble 
in  this  town.  Whewell,  Herschel,  Hopkins,  the  elder 
Brodie,  Murchison,  William  Fairbairn,  all  Presidents  of 
Sections  in  1858,  have  long  since  been  removed  from 
among  us  ;  and  the  then  President  of  Section  F,  Edward 
Baines,  a  much-honoured  and  highly-talented  son  of  the 
“  Franklin  of  Leeds,”  whom  we  had  hoped  to  count 
among  those  Vice-Presidents  representing  the  City  on 
this  occasion,  has  recently  passed  away,  in  his  ninetieth 
year,  after  a  most  honourable  and  useful  career,  during 
which  he  especially  distinguished  himself  by  his  success¬ 
ful  exertions  in  the  advancement  of  the  great  educational 
movements  of  his  time. 

The  illustrious  President  of  our  last  meeting  here,  con¬ 
cerning  whose  health  the  gravest  apprehensions  were  not 
long  since  entertained,  is  happily  still  preserved  to  us  ; 
still  intellectually  bright  at  the  ripe  age  of  eighty-six,  and 
still,  with  the  keen  pleasure  of  his  early  life,  following  the 
progress  of  those  branches  of  scientific  research  which 
have  constituted  the  favourite  occupations  and  the  arena 
of  many  intellectual  triumphs  of  a  long  career  of  ardent 
and  successful  devotion  to  the  advancement  of  science. 

To  not  a  few  of  those  who  have  flocked  to  Leeds  to 
attend  the  annual  gathering  of  this  Association,  our  pre¬ 
sent  meeting  -  place  is  doubtless  known  chiefly  by  its 
proud  position  as  one  of  the  most  thriving  manufacturing 
towns  of  the  United  Kingdom  ;  of  ancient  renown, 
especially  in  connection  with  one  of  the  chief  industries 
identified  with  Great  Britain  in  years  past.  But  this 
good  town  of  Leeds,  whose  cloth  market  was  described 
by  Daniel  Defoe,  one  hundred  and  sixty  odd  yeats  ago,  as 
“  a  prodigy  of  its  kind,  and  not  to  be  equalled  in  the 
world,”  and  whose  present  position  in  connection  with 
divers  of  our  great  industries  would  have  equally  excited 
the  enthusiasm  of  that  graphic  writer,  is  famous  for  other 


things  than  its  prominent  association  with  manufactures 
and  commerce. 

Not  many  of  our  great  industrial  centres  can  boasQof 
so  goodly  an  array,  upon  the  scroll  of  their  past  history,  of 
names  of  men  eminent  in  the  Sciences,  the  Arts  and 
Manufactures,  in  Divinity  and  Letters,  and  in  heroic 
achievements  such  as  are  identified  with  Leeds  and  its 
immediate  vicinity  :  Thomas,  Lord  Fairfax,  one  of  the 
most  prominent  heroes  of  the  Commonwealth  ;  Smeaton, 
an  intellectual  giant  among  engineers;  William  Hirst 
and  John  Marshall,  illustrious  examples  of  the  men  who 
by  their  genius,  energy,  and  perseverance  placed  Great 
Britain  upon  the  pinnacle  of  industrial  and  commercial 
greatness  which  she  so  long  occupied  unassailed  ; 
Richard  Bentley,  the  eminent  classic  and  divine;  John 
Nicholson,  the  Airedale  poet ;  John  Fowler  and  Peter 
Fairbairn,  worthy  followers  in  the  footsteps  of  Smeaton; 
Isaac  Milner,  weaver  and  mathematician,  afterwards 
Senior  Wrangler,  Smith’s  prizeman,  Jacksonian  Professor, 
President  of  Queen’s  College,  Vice-Chancellor  of  Cam¬ 
bridge  University,  Dean  of  Carlisle,  and  a  most 
illustrious  Fellow  of  the  Royal  Society  ;  Thoresby, 
antiquarian  and  topographer;  Benjamin  Wilson,  painter, 
and  industrious  contributor  to  the  development  of 
electrical  science  ;  William  Hey,  the  eminent  surgeon, 
and  friend  and  counsellor  of  Priestley;  Sadler,  political 
economist  and  philanthropist ;  the  Brothers  Sheepshanks 
— Richard,  the  astronomer,  and  John,  the  accomplished 
patron  of  the  arts,  and  munificent  contributor  to  our 
national  art  treasures  ;  Edward  Baines,  whose  con¬ 
spicuous  talents  and  energy  developed  a  small  provincial 
journal  into  one  of  the  most  powerful  public  organs  of  the 
country;  his  talented  sons,  of  whom  not  the  least  con¬ 
spicuous  and  highly  respected  was  the  late  Sir  Edward 
Baines.  I  might  swell  this  voluminous  list  by  reference 
to  illustrious  members  of  such  families  as  that  of  Denison, 
of  Beckett,  of  Lowther,  but  the  men  I  have  referred  to 
fitly  illustrate  the  remarkable  array  of  worthies  whose 
careers  have  shed  lustre  upon  the  town  in  or  near  which 
they  were  born.  Yet  that  illustration  would  be  altogether 
incomplete  if  I  failed  to  speak  of  one  whose  career  and 
works  alone  would  suffice  to  place  Leeds  in  the  foremost 
rank  of  those  English  towns  which  can  claim  as  their 
own  men  whose  course  of  life  and  whose  achievements 
have  secured  their  pre-eminence  among  our  illustrious 
countrymen.  Needless  to  say  that  I  refer  to  Joseph 
Priestley,  born  within  six  miles  of  Leeds,  whose  name 
holds  rank  among  the  foremost  of  successful  workers 
in  science :  who,  by  brilliant  powers  of  experimental 
investigation,  rapidly  achieved  a  series  of  discoveries 
which  helped  largely  to  dispel  the  shroud  of  mystery 
surrounding  the  art  of  alchemy,  and  to  lay  the  founda¬ 
tion  of  true  chemical  science.  An  ardent  student 
of  the  classics,  of  Eastern  languages,  and  of  divinity, 
a  zealous  exponent  of  theological  dodrines  which 
marred  his  career  as  divine  and  instrudor,  he  early 
displayed  conspicuous  talents  for  the  cultivation  of  experi¬ 
mental  science,  which  he  pursued  with  ardour  under  for¬ 
midable  difficulties.  His  acquaintance  with  Franklin 
probably  developed  the  taste  for  the  study  of  eledric 
science  which  led  him  to  labour  successfully  in  this 
diredion  ;  and  the  publication,  in  1767,  of  his  valuable 
work  on  “The  History  and  Present  State  of  Eledricity, 
with  Original  Experiments,”  secured  him  a  prominent 
position  among  the  working  Fellows  of  the  Royal  Society. 
His  connedion  with  the  Mill  Hill  Chapel,  in  1768,  appears 
to  have  given  rise  accidentally  to  his  first  embracing  the 
experimental  pursuit  of  what  formerly  was  termed 
pneumatic  chemistry,  the  foundation  of  which  had  been 
laid  by  Cavendish’s  memorable  contribution,  in  1766,  to 
the  Philosophical  Transactions,  on  carbonic  acid  and  hy¬ 
drogen.  Priestley’s  first  publication  in  pneumatic 
chemistry,  on  “impregnating  Water  with  Fixed  Air” 
(carbonic  acid),  attraded  great  attention  ;  it  was  at  once 
translated  into  French,  and  the  College  of  Physicians 
addressed  the  Lords  of  the  Treasury  thereon,  pointing  out 
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the  advantages  which  might  result  from  the  employment, 
by  men  at  sea,  of  water  impregnated  with  carbonic  acid 
gas,  as  a  protective  against,  or  cure  for,  scurvy. 

Six  years  later,  Priestley  investigated  the  chemical 
effects  produced  on  the  air  by  the  burning  of  candles  and 
the  respiration  of  animals,  and,  having  demonstrated  that 
it  was  thereby  diminished  in  volume  and  deteriorated,  he 
showed  that  living  plants  possessed  the  power  of  render¬ 
ing  air,  which  had  been  thus  deteriorated,  once  more 
capable  of  supporting  the  combustion  of  a  candle.  At 
about  this  time  Priestley  received  very  advantageous  pro¬ 
posals  to  accompany  Captain  Cook  upon  his  second  ex¬ 
pedition  to  the  South  Seas;  but  when  about  to  prepare 
for  his  departure  he  learned  from  Sir  Joseph  Banks  that 
objections  against  his  appointment,  on  account  of  the 
great  latitude  of  his  religious  principles,  had  been  success¬ 
fully  urged  by  some  ecclesiastic  member  of  the  Board  of 
Longitude.  In  1773  the  Royal  Society  awarded  Priestley 
the  Copley  Medal  for  a  remarkable  paper  entitled  “  Ob¬ 
servations  on  Different  Kinds  of  Air,”  and  in  that  year  he 
became  librarian  and  literary  companion  to  the  Earl  of 
Shelbourne  (afterwards  Marquis  of  Lansdowne),  and 
thereby  secured  special  advantages  in  the  pursuit  of  his 
scientific  researches. 

With  respeCt  to  his  departure  from  Leeds,  he  expressed 
himself  as  having  been  very  happy  there  ”  with  a  liberal, 
friendly,  and  harmonious  congregation,  to  whom  my 
services  (of  which  I  was  not  sparing)  were  very  accept¬ 
able.  Here  I  had  no  umeasonable  prejudices  to  contend 
with,  so  that  I  had  full  scope  for  every  kind  of  exertion  ; 
and  I  can  truly  say  that  I  always  considered  the  office  of 
a  Christian  minister  as  the  most  honourable  of  any  upon 
earth,  and  in  the  studies  proper  to  it  I  always  took  the 
greatest  pleasure.”  During  the  next  five  years  he 
published  as  many  volumes  describing  the  results  of  im¬ 
portant  experiments  on  air.  After  investigating  the  pro¬ 
perties  of  nitric  oxide,  and  applying  it  to  the  analysis  of 
air,  Priestley,  in  1774,  discovered  and  carefully  studied 
oxygen,  which  he  obtained  by  the  aCtion  of  heat  upon  the 
red  oxide  of  mercury.  He  was  the  first  to  piepare  and  I 
study  sulphurous  acid,  carbonic  oxide,  nitrous  oxide, 
hydrochloric  acid  ( marine  acid  air),  and  the  fluoride  of 
silicon,  and  carried  out  important  researches  on  the  pro¬ 
perties  of  hydrogen,  and  of  other  gases  previously  but 
little  known.  His  great  quickness  of  perception  and 
power  of  experiment  led  him  to  the  achievement  of  many 
novel  and  important  results  ;  but  one  cannot  help  con¬ 
trasting  his  somewhat  random  search  after  new  discoveries 
with  the  close  logical  reasoning  and  philosophic  spirit 
which  guided  and  pervaded  the  remarkable  researches  of 
him  whose  departure  from  amongst  us  since  the  last 
gathering  of  this  Association  is  so  universally  deplored — 
of  the  great  discoverer  of  the  universal  law  of  the  conver¬ 
sion  of  energy,  James  Prescott  Joule.  I  could  not  add  to 
the  judicious  and  graceful  reference  to  his  W'ork  which 
Sir  Henry  Roscoe  was  privileged  to  make,  in  the  last  year 
of  that  philosopher’s  valuable  life,  when  presiding  over 
the  recent  meeting  of  the  Association  in  the  town  which 
glorified  in  numbering  Joule  among  its  cit>zens  ;  but  I 
may,  perhaps,  be  permitted  to  express  the  sanguine  hope 
that  the  desire  of  the  scientific  world  to  secure  the 
establishment  of  an  international  memorial  fitly  com¬ 
memorative  of  his  great  life-work  may  be  realised  in  the 
most  ample  manner. 

The  wide  scope  of  the  admirable  discourse  delivered  by- 
Owen  in  this  town  thirty-two  years  ago  affords  an 
interesting  illustration  of  the  delight  which  men  whose 
best  energies  are  devoted  to  the  cultivation  of  one  par¬ 
ticular  branch  of  science  take  in  the  results  of  the  labours 
of  their  fellow  workers  in  other  departments,  and  in  their 
achievements  in  contributing  to  the  general  advancement 
of  our  knowledge  of  Nature’s  laws  and  of  their  operations. 
It  is  to  this  bond  of  intimate  union  between  all  workers 
in  pure  science  that  we  owe  the  instructive  reviews  of  the 
progress  made  in  different  departments  of  science,  with 


which  we  have  often  been  presented  at  our  annual 
gatherings.  On  the  other  hand,  those  men,  from  time  to 
time  selected  to  fill  the  distinguished  office  of  President, 
whose  lives  have  been  mainly  devoted  to  the  practical 
utilisation  of  the  results  of  scientific  research,  and  to  the 
extension  in  particular  directions  of  the  consequent  re¬ 
sources  of  civilisation,  seize  with  keen  pleasure  the  oppor¬ 
tunity  afforded  them  of  directing  attention  to  the 
triumphs  achieved  in  the  application,  to  the  purposes 
of  daily  life,  of  the  great  scientific  truths  established 
by  such  illustrious  labourers  in  the  fields  of  pure 
science  as  Newton,  Dalton,  Faraday,  and  Joule.  The 
wide  and  constantly  extending  domain  of  applied 
science  presents,  even  to  the  superficial  observer,  a  con¬ 
tinually  varied  scene  ;  not  a  year  passes  but  some  great 
prize  falls  to  the  lot  of  one  or  other  of  its  explorers, 
and  some  apparently  insignificant  vein  of  treasure,  struck 
upon  but  a  few  years  back,  is  rapidly  opened  out  by 
cunning  explorers,  until  it  leads  to  a  mine  of  vast  wealth, 
from  which  branch  out  in  many  directions  new  sources  of 
power  and  might. 

Among  the  branches  of  science  in  the  practical  applica¬ 
tions  of  which  the  greatest  strides  have  been  made  since 
the  Association  met  at  Leeds  in  1858,  is  electricity.  That 
year  witnessed  the  accomplishment  of  the  first  great  step 
towards  the  establishment  of  electrical  communication 
between  Europe  and  America,  by  the  laying  of  a  telegraph 
cable  connecting  Newfoundland  with  Valencia.  Through 
this  cable  a  message  of  thirty-one  words  was  shortly 
afterwards  transmitted  in  thirty-five  minutes ;  an 
achievement  which,  though  exciting  great  enthusiasm  at 
the  time,  scarcely  afforded  promise  of  the  succession  of 
triumphs  of  ocean  telegraphy  which  have  since  surpassed 
the  wildest  dreams  of  the  pioneers  in  the  realms  of  applied 
electricity. 

The  development  of  the  eleCtric  telegraph  constitutes  a 
never-failing  subject  of  the  liveliest  interest.  The  experi¬ 
ments  made  by  Stephen  Gray,  in  1727,  of  transmitting 
electrical  impulses  through  a  wire  700  feet  long;  by 
Watson,  twenty  years  afterwards,  of  transmitting  frictional 
electricity  through  many  thousand  feet  of  wire,  supported 
by  a  line  of  poles,  on  Shooter’s  Hill,  in  Kent;  and  by 
Franklin,  who  carried  out  a  similar  experiment  at  Phila¬ 
delphia, —  although  they  were  followed  by  many  other 
interesting  and  philosophical  applications  of  friCtional 
electricity  to  the  transmission  of  signals — were  not  pro¬ 
ductive  of  really  practical  results.  The  work  of  Galvani 
and  of  Volta  was  more  fruitful  of  an  approach  to  practical 
telegraphy  in  the  hands  of  Sommering  and  of  Coxe,  while 
the  researches  of  Oersted,  of  Ampere,  of  Sturgeon,  and  of 
Ohm,  and  especially  the  discoveries  of  volta-eleCtric 
induction  and  magneto-eleClricity  by  Faraday,  paved  the 
way  for  the  development  of  the  eleCtric  telegraph  as  a 
practical  reality  by  Cooke  and  Wneatstone  in  1S37.  How 
remarkable  the  strides  have  been  in  the  resources  and 
powers  of  the  telegraphist  since  that  time  is  demonstrated 
by  a  few  such  faCts  as  these ;  the  first  needle  instrument 
of  Cooke  and  Wheatstone  transmitted  messages  at  the 
rate  of  four  words  per  minute,  requiring  five  wires  for  that 
purpose ;  six  messages  are  now  conveyed  by  one  single 
wire,  at  ten  times  that  speed,  and  news  is  dispatched  at 
the  rate  of  600  words  per  minute.  Duplex  working,  which 
more  than  doubled  the  transmitting  power  of  a  submarine 
cable,  was  soon  eclipsed  by  the  application  of  Edison’s 
quadruplex  working,  which  has  in  its  turn  been  surpassed 
by  the  multiplex  system,  whereby  six  messages  may  be 
sent  independently,  in  either  direction,  on  one  wire. 
When  last  the  British  Association  met  in  Leeds,  sub¬ 
marine  telegraphy  had  but  just  started  into  existence ; 
thirty  years  later,  the  accomplished  President  of  the 
Mechanical  Section  informed  us,  at  our  meeting  at  Bath, 
that  110,000  miles  of  cable  had  been  laid  by  British  ships, 
and  that  a  fleet  of  nearly  forty  ships  was  occupied  in 
various  oceans  in  maintaining  existing  cables  and  laying- 
new  ones. 

The  important  practical  achievements  by  which  most 
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formidable  difficulties  have  been  surmounted,  step  by  step, 
in  the  successive  attainment  of  the  marvellous  results  of 
our  day,  have  exerted  an  influence  upon  the  advancement, 
not  merely  of  eledtrical  science,  but  also  of  science  gener¬ 
ally  and  of  its  applications,  fully  equal  to  that  which  they 
have  exercised  upon  the  development  of  commerce  and  of 
the  intercourse  between  the  nations  of  the  earth. 

Thus,  the  laying  of  the  earliest  submarine  cables, 
between  1851  and  1855,  led  Sir  W.  Thomson,  in  con¬ 
ference  with  Sir  George  Stokes,  to  work  out  the  theory 
of  signalling  in  such  cables,  by  utilising  the  mathematical 
results  arrived  at  by  Fourier  in  his  investigation  of  the 
propagation  of  heat  -  waves.  The  failure  of  the  first 
Atlantic  cable  led  to  the  survey  of  the  bottom  of  the 
Atlantic,  which  was  the  forerunner  of  deep-sea  explora¬ 
tions,  culminating  in  the  work  of  the  Challenger  Expedi¬ 
tion,  and  opening  up  new  treasures  of  knowledge  scarcely 
dreamt  of  when  last  the  British  Association  met  at  Leeds. 
To  the  difficulties  connedted  with  the  early  attempts  at 
submarine  telegraphy,  and  the  determination  with  which 
Thomson  drove  home  the  lessons  learned,  we  owe  the 
systematic  investigations  into  the  causes  of  the  varia¬ 
tions  in  resistance  of  copper  condudtors,  and  the  conse¬ 
quent  improvements  in  the  metallurgy  of  copper,  which 
led  to  the  realisation  of  the  high  standard  cf  purity  of 
metal  essential  for  the  efficient  working  of  telegraphic 
systems,  and  also  to  the  extensive  utilisation  of  eledtricity 
in  the  production  of  pure  copper.  The  rare  combination 
of  originality  in  powers  of  research  and  perspicuity  in 
mathematical  reasoning,  with  inventive  and  constructive 
genius,  for  which  Thomson  has  so  long  been  pre-eminent, 
has  placed  at  the  disposal  of  the  investigator  of  electric 
science,  and  of  the  pradtical  eledtrician,  instruments  of 
measurement  and  record  which  have  been  of  incalculable 
value,  and  which  owe  their  origin  to  the  theoretical  con¬ 
clusions  arrived  at  by  him  in  his  researches  into  the  con¬ 
ditions  to  be  fulfilled  for  the  attainment  of  pradtical 
success  in  the  construdtion  and  employment  of  submarine 
cables.  The  mirror  galvanometer,  the  quadrant  eledtro- 
meter,  the  syphon-recorder,  and  the  divided-ring  eledtro- 
meter,  are  illustrations  of  the  valuable  outcome  of 
Thomson's  labours  ;  the  combination  of  the  last-named 
instrument  with  sliding  resistance  coils  has  rendered 
possible  the  accurate  sub-division  of  a  potential  difference 
into  10,000  equal  parts.  The  general  use  of  condensers 
in  connedtion  with  cable  signalling,  due  to  Variey’s 
application  of  them  for  signalling  through  submerged 
cables  with  induced  short  waves,  was  instrumental  in 
establishing  the  fact  that  all  electro-static  phenomena  are 
simply  the  result  of  starting  an  electric  current  of  known 
short  duration  round  a  closed  circuit.  The  pradtical 
application  of  the  Wheatstone  Bridge  led  to  numerous 
important  mathematical  investigations,  and  induced  Clerk 
Maxwell  to  devise  a  new  mode  of  applying  determinants 
to  the  solution  of  the  complicated  eledtrical  problems 
connedted  with  networks  of  condudtors.  The  necessity' 
for  the  universal  recognition  of  an  eledtrical  unit  of  resist¬ 
ance  led  to  the  establishment,  in  i860,  of  the  Eledtrical 
Standards  Committee  of  the  British  Association,  whose 
long  succession  of  important  annual  reports  was  instru¬ 
mental  in  most  important  developments  of  theoretical 
eledtricity,  and,  indeed,  served  to  open  up  the  whole 
science  of  eledtrical  measurement.  Matthiessen’s  im¬ 
portant  investigations  of  the  electrical  behaviour  of  metals 
and  their  alloys,  and  the  preparation  and  properties  of 
pure  iron,  were  the  outcome  of  the  commercial  demand 
for  a  pradtically  useful  standard  of  eledtrical  resistance, 
while  Latimer  Clark’s  pradtical  standard  of  electromotive 
force,  the  mercurous  sulphate  cell,  became  invaluable  to 
the  worker  in  pure  eledtrical  research.  The  unit  of 
resistance  established  by  the  British  Association  Com¬ 
mittee  received,  in  1866,  most  important  scientific  appli¬ 
cation  at  the  hands  cf  Joule,  who,  by  measuring  the  rate 
of  development  of  heat  in  a  wire  of  known  resistance  by 
the  passage  of  a  known  current,  obtained  a  new  value  of 
the  mechanical  equivalent  of  heat.  This  value  differed 


by  about  13  per  cent  from  the  most  accurate  results 
arrived  at  by  his  experiments  on  mechanical  fridtion,  a 
difference  which  eventually  proved  to  be  exactly  the  error 
in  the  British  Association  unit  of  resistance  ;  so  that  the 
true  value  of  the  unit  of  resistance,  or  ohm,  was  deter¬ 
mined  by  Joule  fifteen  years  before  this  result  was 
achieved  by  electricians.  Clerk  Maxwell’s  remarkable 
eledtro  magnetic  theory  of  light  was  put  to  the  test, 
through  the  aid  of  the  British  Association  unit  of  resist¬ 
ance,  by  Thomson,  in  determining  the  ratio  of  eledtro- 
magnetic  unit  to  the  eiediro-static  unit  of  quantity.  Many 
other  most  interesting  illustrations  might  be  given  of  the 
invaluable  aid  afforded  to  purely  scientific  research  by 
the  pradtical  results  of  the  development  of  eledtrical 
science,  and  of  the  constant  co-operation  between  the 
science  student  and  the  pradtical  worker.  No  one  could, 
mote  fitly  than  the  late  Sir  William  Siemens,  have  main¬ 
tained,  as  he  did  in  his  admirable  Address  at  our  meeting 
in  Southampton,  in  1882,  that  we  owe  most  of  the  rapid 
progress  of  recent  times  to  the  man  of  science  who  partly 
devotes  his  energies  to  the  solution  of  pradtical  problems, 
and  to  the  practitioner  who  finds  relaxation  in  the 
prosecution  of  purely  scientific  inquiries.  Most  assuredly, 
both  these  classes  of  the  world’s  benefadtors  may  with 
equal  right  lay  claim  to  rank  the  name  of  Siemens  among 
those  whom  they  count  most  illustrious  ! 

In  that  highly  interesting  and  valuable  Address, 
delivered  little  more  tffan  a  year  before  his  sudden  un¬ 
timely  removal  from  among  us,  the  numerous  important 
subjects  discussed  by  him  included  not  a  few  which  he 
had  made  peculiarly  his  own  in  the  wide  range  embraced 
by  his  enviable  power  of  combining  scientific  research 
wfith  pradtical  work.  Prominent  among  these  were 
the  applications  of  eledtric  energy  to  lighting  and  heating 
purposes,  and  to  the  transmission  of  power,  to  the  future 
development  of  which  his  personal  labours  very  greatly 
contributed. 

Siemens  referred  to  the  passing  of  the  first  Eledtric 
Lighting  Bill,  in  the  year  of  his  Presidency,  as  being 
designed  to  facilitate  the  establishment  of  eledtric  installa¬ 
tions  in  towns  ;  but  the  anxiety  of  the  Government  of 
that  day  to  protedt  the  interests  of  the  public  through 
local  authorities  led  to  the  assignment  of  such  pow’er  to 
these  over  the  property  of  lighting  companies,  that  the 
utilisation  of  eledtric  lighting  was  adtually  delayed  for  a 
time  by  those  legislative  measures.  There  can  now  be  no 
doubt,  however,  that  this  delay  has  really  been  in  the 
interests  of  intending  suppliers  and  of  users  of  the  eledtric 
light,  as  having  afforded  time  for  the  further  development 
of  pradtical  details,  connedted  with  generation  and  distri¬ 
bution,  which  was  vital  to  the  attainment  of  a  fair  measure 
of  initial  success.  The  subsequent  important  modification 
of  legislation  on  the  subjedt  of  eledtric  lighting,  together 
with  the  pradtical  realisation  of  comparatively  economical 
methods  of  distribution,  the  establishment  of  fairly 
equitable  arrangements  between  the  public  and  the 
lighting  companies,  and  the  apportionment,  so  far  as  the 
metropolis  is  concerned,  of  distindt  areas  of  operation  to 
different  competing  companies,  have  combined  to  place 
eledtric  lighting  in  this  country'  at  length  upon  some 
approach  to  a  really  sound  footing,  and  to  give  the  re¬ 
quired  impetus  to  its  extensive  development.  Nine  com¬ 
panies  either  are  now,  or  will  very  shortly  be,  adtuaily  at 
work  supplying,  from  central  stations,  distridts  of  London 
comprising  almost  the  entire  western  and  north-western 
portions  of  the  metropolis.  As  regards  other  parts  of 
England,  there  are  already'  twenty-seven  lighting  stations 
adtually  at  work  in  different  towns,  besides  others  in 
course  of  establishment  and  many'  more  projected.  The 
town  of  Leeds  has  not  failed  to  give  serious  attention  to 
the  subjedt  of  utilising  the  eledtric  light,  and,  although  no 
general  scheme  has  yet  been  adopted,  the  electricians 
who  now  visit  this  town  will  rejoice  to  see  many  of  its 
public  buildings  provided  with  efficient  eledtric  illumina¬ 
tion 

While  the  predidtion  made  by  Siemens,  eight  years  ago, 
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that  eledtric  lighting  must  take  its  place  with  us  as  a 
public  illuminant,  has  thus  been  already,  in  a  measure, 
fulfilled,  important  progress  is  being  continuously  made 
by  the  practical  electrician  in  developing  and  perfecting 
the  arrangements  for  the  generation  of  the  supply,  its 
efficient  distribution  from  centres,  and  its  delivery  to  the 
consumer  in  a  form  in  which  it  can  be  safely  and  con¬ 
veniently  dealt  with  and  applied  at  an  outlay  which,  even 
now,  does  not  preclude  a  considerable  sedtion  of  the  public 
from  enjoying  the  decided  advantages  presented  by 
eledtric  lighting  over  illumination  by  coal-gas.  Yet  our 
recent  progress  in  this  direction,  encouraging  though  it 
has  been,  is  insignificant  as  compared  with  the  strides 
made  in  the  application  of  eledtric  lighting  in  the  United 
States,  as  may  be  gauged  by  the  fadt  that,  while  in 
America  the  number  of  arc  lamps  in  use,  in  April  of  this 
year,  was  235,000,  and  of  glow  lamps  about  three  millions, 
there  are  at  present  about  one-tenth  the  number  of  the 
latter,  and  one  hundredth  the  number  of  arc  lamps,  in 
operation  in  England. 

In  some  important  directions  we  may,  however,  lay 
claim  to  rank  foremost  in  the  application  of  the  eledtric 
light ;  thus,  our  large  passenger  ships  and  our  war  ships 
are  provided  with  efficient  eledtrical  illumination  ;  to  the 
adtive  operations  of  our  Navy  the  eledtric  light  has  become 
an  indispensable  adjundt ;  and  our  system  of  coast  de¬ 
fence,  by  artillery  and  submarine  mines,  is  equally  depen¬ 
dent,  for  its  thorough  efficiency,  upon  the  applications  of 
eledtricity  in  connection  with  range-finding,  with  the 
arrangement  and  explosion  of  mines,  and  with  the  im¬ 
portant  auxiliary  in  attack  and  defence,  the  eledtric  light, 
which,  while  so  arranged,  at  the  operating  stations,  as  to 
be  protected  against  destruction  by  artillery  fire  and 
difficult  of  detection  by  the  enemy,  is  available  at  any 
moment  for  affording  invaluable  information  and  impor¬ 
tant  assistance  and  protection. 

Other  important  applications  of  the  eledtric  light,  such 
as  its  use  as  a  lighthouse  illuminant,  for  the  lighting  of 
main  roads  in  coal  mines,  where  its  value  is  being  in¬ 
creasingly  appreciated,  and  even  for  signalling  purposes 
in  mid-air,  through  the  agency  of  captive  balloons,  are 
continually  affording  fresh  demonstrations  of  the  value  of 
this  particular  branch  of  applied  eledtric  science. 

At  the  Eledtrical  Exhibition  at  Vienna  in  1883,  where, 
not  long  before  the  lamented  death  of  Siemens,  I  had  the 
honour  of  serving  as  one  of  his  colleagues  in  the  repre¬ 
sentation  of  British  interests,  the  progress  which  had  been 
made  in  the  construction  of  eledtrical  measuring  instru¬ 
ments  since  the  French  Exhibition  and  the  Eledtrical 
Congress,  two  years  before,  was  very  considerable.  The 
advance  in  this  direction  has  been  enormous  since  that 
time;  but  although  the  practical  result  of  Thomson’s  and 
of  Carlew’s  important  work  has  been  to  supply  us  with 
trustworthy  eledtrical  balances  and  voltmeters,  while 
efficient  instruments  have  also  been  made  by  other  well- 
known  practical  electricians,  we  have  still  to  attain  results 
in  all  respedts  satisfactory  in  these  indispensable  adjuncts 
to  the  commercial  supply  and  utilisation  of  eledtric 
energy. 

In  connection  with  this  important  subject  the  recent 
completion  of  the  Board  of  Trade  standardising  labora¬ 
tory,  established  for  the  purposes  of  arriving  at  and  main¬ 
taining  the  true  values  of  eledtrical  units,  and  of  securing 
accuracy  and  uniformity  in  the  manufacture  of  instru¬ 
ments  supplied  by  the  trade  for  eledtrical  measurements, 
may  be  referred  to  with  much  satisfaction  as  a  practical 
illustration  of  official  recognition  of  the  firm  root  which 
the  domestic  and  industrial  utilisation  of  eledtric  energy 
has  taken  in  this  country. 

1  he  achievements  of  the  telephone  were  referred  to  by 
Siemens  in  glowing  terms  eight  years  ago  ;  but  the  results 
then  attained  were  but  indications  of  the  direction  in 
which  telephonic  inter-communication  was  destined 
speedily  to  become  one  of  the  most  indispensable  of  pre¬ 
sent  applications  of  eledtricity  to  the  purposes  of  daily 
l‘fe-  Preece,  in  speaking  at  Bath,  two  years  ago,  of  the 


advances  made  in  applied  eledtricity,  showed  that  the  im¬ 
pediments  to  telephonic  communication  between  great 
distances  had  been  entirely  overcome;  and  now,  although 
considerably  behind  America  and  France  in  the  use  of  the 
telephone,  we  are  rapidly  placing  ourselves  upon  speaking 
terms  with  our  friends  throughout  the  United  Kingdom. 
The  operations  of  the  National  Telephone  Company  well 
illustrate  our  progress  in  telephonic  inter-communication  : 
that  company  has  now  22,743  exchange  lines,  besides 
nearly  5000  private  lines,  its  exchanges  number  272,  and 
its  call-offices  526.  The  number  of  instruments  under 
rental  in  England  has  now  reached  99,000  ;  but,  impor¬ 
tant  as  this  figure  is  compared  to  our  use  of  the  telephone 
a  very  few  years  ago,  it  sinks  into  insignificance  by  the 
side  of  the  number  of  instruments  under  rental  in  America, 
which  at  the  beginning  of  the  present  year  had  reached 
222,430,  being  an  increase  of  16,675  over  the  number  in 
1889.  Only  thirteen  years  have  elapsed  since  the  tele¬ 
phone  was  first  exhibited  as  a  practically  workable  appa¬ 
ratus  to  members  of  the  British  Association  at  the 
Plymouth  Meeting,  and  the  number  of  instruments  now 
at  work  throughout  the  world  may  be  estimated  as  con¬ 
siderably  exceeding  a  million. 

The  successful  transmission  of  the  eledtric  current,  and 
the  power  of  control  now  exercised  over  the  charadter 
which  eledlrically-transmitted  energy  is  made  to  assume, 
are  not  alone  illustrated  by  the  efficiency  of  the  arrange¬ 
ments  already  developed  for  the  supply  of  the  eledtric 
light  from  central  stations.  Siemens  dwelt  upon  this 
subjedt  at  Southampton  with  the  ardent  interest  of  one 
who  had  made  its  development  one  of  the  objedts  of  his 
energetic  labours  in  later  years,  and  also  with  a  prophet’s 
prognostications  of  its  future  importance.  In  speaking  of 
the  eledtric  current  as  having  entered  the  lists  in  compe¬ 
tition  with  compressed  air,  the  hydraulic  accumulator, 
and  the  quick-running  rope  driven  by  water-power,  Sie¬ 
mens  pointed  out  that  no  further  loss  of  power  was  in¬ 
volved  in  the  transformation  of  eledtrical  into  mechanical 
energy  than  is  due  to  fridtion,  and  to  the  heating  of  the 
condudting  wires  by  the  resistance  they  oppose,  and 
showed  that  this  loss,  calculated  upon  data  arrived  at  by 
Dr.  John  Hopkinson  and  by  himself,  amounted  at  the 
outside  to  38  per  cent,  of  the  total  energy.  Subsequent 
careful  researches  by  the  Brothers  Hopkinson  have  demon¬ 
strated  that  the  adtual  loss  is  now  much  less  than  it  was 
computed  at  in  1885,  as  much  as  87  per  cent,  of  the  total 
energy  transmitted  being  realisable  at  a  distance,  pro¬ 
vided  there  be  no  loss  in  the  connedting  leads  used. 

The  Paris  Eledtric  Exhibition  of  18S1  already  afforded 
interesting  illustrations  of  the  performance  of  a  variety  of 
work  by  power  eledtrically  transmitted,  including  a  short 
line  of  railway  construdted  by  the  firm  of  Siemens,  which 
was  a  further  development  of  the  successful  result  already 
attained  in  Berlin  by  Werner  Siemens  in  the  same  direc¬ 
tion,  and  was,  in  its  turn,  surpassed  by  the  considerably 
longer  line  worked  by  Messrs.  Siemens  at  the  Vienna 
Exhibition  two  years  later.  Various  short  lines  which 
have  since  then  been  established  by  the  firm  of  Siemens 
are  well  known,  and  one  of  the  latest  public  adts  in  the 
valuable  life  of  Siemens  was  to  assist  at  the  opening  of 
the  eledtric  tramway  at  Portrush,  in  the  installation  of 
which  he  took  an  adtive  part,  and  where  the  idea,  so 
firmly  rooted  in  his  mind  from  the  date  of  his' visit  to  the 
Falls  of  Niagara,  in  1876,  of  utilising  water-power  for 
eledtrical  transmission — a  result  first  achieved  on  a  small 
scale  by  Lord  Armstrong — was  more  pradtically  realised 
than  had  yet  been  the  case.  Since  that  time  Ireland  has 
witnessed  a  further  application  of  eledtricity  to  tradtion 
purposes,  and  of  water-power  to  the  provision  of  the  re¬ 
quired  energy,  in  the  working  of  the  Bessbrook  and  Newry 
tramway,  while  London  at  length  possesses  an  electric 
railway,  three  miles  in  length,  to  be  very  shortly  opened, 
which  will  connedt  the  City  with  one  of  the  southern 
suburbs  through  a  tram  subway,  and,  although  including 
many  sharp  curves  and  steep  gradients,  will  be  capable 
of  conveying  one  hundred  passengers  at  a  time,  at  speeds 
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varying  from  thirteen  to  twenty-four  miles  per  hour. 
During  the  past  year  a  regular  service  of  tramcars  has 
been  successfully  worked,  through  the  agency  of  secon¬ 
dary  batteries,  upon  part  of  one  of  the  large  tramways  of 
North  London,  with  results  which  bid  fair  to  lead  to  an 
extensive  development  of  this  system  of  working.  The 
application  of  electricity  to  traCtion  purposes  has,  how¬ 
ever,  received  far  more  important  development  in  the 
United  States  ;  at  the  commencement  of  this  year  there 
were  in  operation  in  different  States  200  electrical  tram- 
roads,  chiefly  worked  upon  the  Thomson-Houston  and  the 
Sprague  systems,  and  having  a  collective  length  of  1641 
miles,  with  2346  motor-cars  travelling  thereon.  Further 
extensions  are  being  rapidly  made;  thus,  one  company 
alone  has  39  additional  roads,  of  a  collective  length  of 
385  miles,  under  construction,  to  be  worked  through  the 
agency  of  storage  batteries. 

The  idea  cherished  by  Siemens,  and  enlarged  upon  by 
him  in  more  than  one  interesting  address,  of  utilising  the 
power  of  Niagara,  appears  about  to  be  realised,  at  any 
rate  in  part ;  as  a  large  traCt  of  land  has  been  recently 
acquired,  by  a  powerful  American  Association,  about  a 
mile  distant  from  the  Falls,  with  a  view  to  the  erection  of 
mills  for  utilising  the  power,  which  it  is  also  proposed  to 
transmit  to  distant  towns  ;  and  an  International  Com¬ 
mission,  with  Sir  William  Thomson  at  its  head,  and  with 
Mascart,  Turrettini,  Coleman  Sellers,  and  Unwin  as 
members,  will  carefully  consider  the  problems  involved  in 
the  execution  of  this  grand  scheme. 

The  application  of  eleCtric  traCtion  to  water  traffic,  first 
successfully  demonstrated  in  1883,  is  receiving  gradual 
development,  as  illustrated  by  the  considerable  number  of 
pleasure  boats  which  may  now  be  seen  on  the  Upper 
Thames  during  the  boating  season,  and  in  connection  with 
which  Professor  George  Forbes  proposed,  at  our  meeting 
last  year,  that  stations  for  charging  the  requisite  cells, 
through  the  agency  of  water-power,  should  be  established 
at  the  many  weirs  along  the  river,  so  as  to  provide 
convenient  eleCtric  coaling  stations  for  the  river  pleasure 
fleet. 

EleCtrically-transmitted  energy  was  first  applied  in  Ger¬ 
many  to  haulage  work  in  mines  by  the  firm  of  Siemens 
some  years  ago,  and  great  progress  has  since  been  achieved 
herein  on  the  Continent  and  in  America.  Comparatively 
little  has  been  accomplished  in  this  direction  in  England  ; 
but  it  is  very  interesting  to  note,  on  the  present  occasion, 
that  the  first  successful  practical  application  of  electricity 
in  this  country  to  pumping  and  underground  haulage  work 
was  made  in  1887,  in  this  neighbourhood,  at  the  St. 
John’s  Colliery,  at  Normanton,  where  an  extensive  instal¬ 
lation,  carried  out  by  Mr.  Immisch,  so  well  known  in 
connection  with  eleCtric  launches,  is  furnishing  very  satis¬ 
factory  results  in  point  of  economy  and  efficiency.  The 
gigantic  installations  existing  for  the  same  purposes  in 
Nevada  and  California  afford  remarkable  illustrations  of 
the  work  to  be  accomplished  in  the  future  by  eleCtrically- 
transmitted  energy. 

Among  the  many  subjects  of  importance  studied  by 
Joule  with  the  originality  and  thoroughness  characteristic 
of  hiswoik,  was  the  application  of  voltaic  electricity  to 
the  welding  and  fusion  of  metals.  Thirty-four  years  ago 
he  published  a  most  suggestive  paper  on  the  subject,  in 
which,  after  dealing  with  the  difficulties  attending  the 
operation  of  welding,  and  of  the  interference  of  films  of 
oxide,  formed  upon  the  highly  heated  iron  surfaces,  with 
the  production  of  perfect  welds  either  under  the  hammer 
or  by  the  methods  of  pressure  (of  which  he  then  predicted 
the  application  to  large  masses  of  forged  iron),  he  refers 
to  the  possibility  of  applying  the  calorific  agency  of  the 
eleCtric  current  to  the  welding  of  metals,  and  describes 
an  operation  witnessed  by  him  in  the  laboratory  of  his 
fellow  labourer,  Thomson,  of  fusing  together  a  bundle  of 
iron  wires  by  transmitting  through  them,  when  embedded 
in  charcoal,  a  powerful  voltaic  current.  Joule  afterwards 
succeeded  in  fusing  together  a  number  of  iron  wires  with 
the  cuirent  of  a  Daniell  battery,  and  of  welding  together 


wires  of  brass  and  steel,  platinum  and  iron,  &c.  In  dis¬ 
cussing  the  question  of  the  amount  of  zinc  consumed  in  a 
battery  for  raising  a  given  amount  of  iron  to  the  tempera¬ 
ture  of  fusion,  he  points  out  that  the  same  object  would 
probably  be  more  economically  attained  by  the  use  of  a 
magneto-eleCtric  machine,  which  would  allow  the  heat  to 
be  provided  by  the  expenditure  of  mechanical  force,  deve¬ 
loped  in  the  first  instance  by  the  expenditure  of  heat; 
and  he  indicates  the  possibility  of  arranging  machinery  to 
produce  eleCtric  currents  which  shall  evolve  one-tenth  of 
the  total  heat  due  to  the  combustion  of  the  coal  used,  so 
that  5000  grains  of  coal  applied  through  that  agency 
would  suffice  for  the  fusion  of  one  pound  of  iron.  The 
successful  practical  realisation  of  Joule’s  predictions  in 
regard  to  the  application  of  eleCtric  currents,  thus  deve¬ 
loped,  to  the  welding  of  iron  and  steel,  and  to  analogous 
operations,  through  the  agency  of  the  efficient  machines 
devised  by  Professor  Elihu  Thomson,  was  demonstrated 
to  the  members  of  the  Association  by  Professor  Ayrton  at 
Bath  two  years  ago,  and  was  shown  upon  a  larger  scale 
to  visitors  at  the  Paris  Exhibition  last  year,  and  recently 
to  highly  interested  audiences  in  London  by  our  late  Pre¬ 
sident,  Sir  Frederick  Bramwell.  The  latter  demonstrated 
that  the  production  of  iron-welds  by  means  of  the  Thom¬ 
son  machines  was  accomplished  nearly  twice  as  rapidly  as 
by  expert  craftsmen  ;  the  perfection  of  the  welds  being 
proved  by  the  faCt  that  the  strength  of  bars  broken  by 
tensile  strains  at  the  welds  themselves  was  about  92  per 
cent  of  the  strength  of  the  solid  metal.  At  the  Crewe 
Works  Mr.  Webb  is  successfully  applying  one  of  these 
machines  to  a  variety  of  welding  work.  The  rapidity  with 
which  masses  of  metal  of  various  dimensions  are  raised  in 
those  machines  to  welding  heat  is  quite  under  control ; 
the  heat  is  applied  without  the  advent  of  any  impurities, 
as  from  fuel,  and  the  speed  of  execution  of  the  welding 
operation  reduces  to  a  minimum  the  time  during  which 
the  heated  surfaces  are  liable  to  oxidise.  With  such 
practical  advantages  as  these,  this  system  of  eleCtric 
welding  bids  fair  to  receive  many  useful  applications. 

Another  very  simple  system  of  eleCtric  welding,  espe¬ 
cially  applicable  to  thin  iron  and  steel  sheets,  hoops,  &c., 
has  been  cotemporaneously  elaborated  in  Russia  by  Dr. 
Bernados,  and  is  already  being  extensively  used.  The 
required  heat  at  the  surfaces  to  be  welded  is  developed  by 
connecting  the  metal  with  the  negative  pole  of  the 
dynamo  machine,  or  of  a  battery  of  accumulators,  the 
circuit  being  completed  by  applying  a  carbon  electrode  to 
the  parts  to  be  heated  ;  the  reducing  power  of  the  carbon 
is  said  to  preserve  the  heated  metal  surfaces  from  oxida¬ 
tion  during  the  very  brief  period  of  heating.  This  mode 
of  operation  appears  to  have  been  practised  upon  a  small 
scale,  some  years  ago,  by  Sir  William  Siemens,  to  whom 
we  also  owe  the  first  attempt  to  practically  apply  eleCtric 
energy  to  the  smelting  of  metals. 

In  his  address  in  1882  he  referred  to  some  results 
attained  with  his  small  electrical  furnace,  and  pointed  out 
that,  although  eleCtric  energy  could,  obviously,  not  com¬ 
pete  economically  with  the  direct  combustion  of  fuel  for 
the  production  of  ordinary  degrees  of  heat,  the  eleCtric 
furnace  would  probably  receive  advantageous  application 
for  the  attainment  of  temperatures  exceeding  the  limits 
(about  1800°  C.)  beyond  which  combustion  was  known  to 
proceed  very  sluggishly.  This  prediction  appears  to  have 
been  already  realised  through  the  important  labours  of 
Messrs.  Cowles,  who  some  years  ago  attacked  the  subject 
of  the  application  of  electricity  to  the  achievement  of 
metallurgic  operations  with  the  characteristic  vigour  and 
fertility  of  resource  of  our  Transatlantic  brethren.  After 
very  promising  preliminary  experiments,  they  succeeded, 
in  1885,  at  Cleveland,  Ohio,  in  maturing  a  method  of 
operation  for  the  production  of  alurninium-bronze,  ferro- 
aluminium,  and  silicium-bronze,  with  results  so  satis¬ 
factory  as  to  lead  to  the  erection  of  extensive  works  at 
Lockport,  N.Y. ,  where  three  dynamo-machines,  each 
supplying  a  current  of  about  3000  amperes,  are  worked  by 
water  power,  through  the  agency  of  turbines,  each  of  500 
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h.-p. ,  eighteen  eleCtric  furnaces  being  now  in  operation  for 
the  production  of  aluminium  alloys.  These  achievements 
have  led  to  the  establishment  of  similar  works  in  North 
Staffordshire,  where  a  gigantic  dynamo-machine  has  been 
eleCled,  furnishing  a  current  of  5000  amperes,  with  an 
E.M.F.  of  50  to  60  volts.  The  arrangement  of  the 
electrodes  in  the  furnaces,  the  preparation  of  the  furnace- 
charges  (consisting  of  mixtures  of  aluminium  ore  with 
charcoal  and  with  the  particular  granulated  metal 
with  which  the  aluminium  is  to  become  alloyed  at  the 
moment  of  its  elimination  from  the  ore)  ;  the  appliances 
for  securing  safety  in  dealing  with  the  current  from  the 
huge  dynamo-machine,  and  many  other  details  connected 
with  this  new  system  of  metallurgic  work,  possesses  great 
interest.  Various  valuable  copper  and  aluminium  alloys 
are  now  produced  by  alloying  copper  itself  with  definite 
proportions  of  the  copper  alloy,  very  rich  in  aluminium, 
which  is  the  produCt  of  the  eleCtric  furnace.  The  rapid 
production  in  large  quantities  of  ferro-aluminium — which 
presents  the  aluminium  in  a  form  suitable  for  addition  in 
definite  proportions  to  fluid  cast  iron  and  steel — is  another 
useful  outcome  of  the  practical  development  of  the  eleCtric 
furnace  by  Messrs.  Cowles. 

The  eleCtric  process  of  producing  aluminium  alloys  has, 
however,  to  compete  commercially  with  their  manufacture 
by  adding  to  metals,  or  alloys,  pure  aluminium  produced 
by  processes  based  upon  the  method  originally  indicated 
by  Oersted  in  1824,  successfully  carried  out  by  Wohler 
three  years  later,  and  developed  into  a  practical  process 
by  H.  St.  Claire  Deville  in  1854 — namely,  by  eliminating 
aluminium  from  the  double  chloride  of  sodium  and  alu¬ 
minium  in  the  presence  of  a  fluoride,  through  the  agency 
of  sodium.  An  analogous  process,  indicated  in  the  first 
instance  by  If.  Rose — namely,  the  corresponding  aCtion 
of  sodium  upon  the  mineral  cryolite,  a  double  fluoride  of 
aluminium  and  sodium- — has  also  been  recently  developed 
at  Newcastle,  where  the  first  of  these  methods  was 
applied,  upon  a  somewhat  considerable  scale,  in  i860,  by 
Sir  Lowthian  Bell,  but  did  not  then  become  a  commercial 
success,  mainly  owing  to  the  costliness  of  the  requisite 
sodium.  As  the  cost  of  this  metal  chiefly  determines  the 
price  of  the  aluminium,  technical  chemists  have  devoted 
their  best  energies  to  the  perfection  and  simplification  of 
methods  for  its  production,  and  the  success  which  has 
culminated  in  the  admirable  Castner  process  constitutes 
one  of  the  most  interesting  of  recent  illustrations  of  the 
progress  made  in  technical  chemistry,  consequent  upon 
the  happy  blending  of  chemical  with  mechanical  science, 
through  the  labours  of  the  chemical  engineer. 

Those  who,  like  myself  remember  how,  between  forty 
and  fifty  years  ago,  a  few  grains  of  sodium  and  potassium 
were  treasured  up  by  the  chemist,  and  used  with  parsi¬ 
monious  care  in  an  occasional  leCture  experiment,  cannot 
tire  of  feasting  their  eyes  on  the  stores  of  sodium-ingots 
to  be  seen  at  Oldbury  as  the  results  of  a  rapidly  and  dex¬ 
terously  executed  series  of  chemical  and  mechanical 
operations. 

The  reduction  which  has  been  effected  in  the  cost  of 
production  of  aluminium  through  this  and  other  processes, 
and  which  has  certainly  not  yet  reached  its  limit,  can 
scarcely  fail  to  lead  to  applications  of  the  valuable  chemi¬ 
cal  and  physical  properties  of  this  metal  so  widespread  as 
to  render  it  as  indispensable  in  industries  and  the  pur¬ 
poses  of  daily  life  as  those  well-known  metals  which  may 
be  termed  domestic,  even  although,  and,  indeed,  for  the 
very  reason  that,  its  association  with  many  of  these,  in 
small  proportion  only,  may  suffice  to  enhance  their 
valuable  properties  or  to  impart  to  them  novel  character¬ 
istics. 

The  Swedish  metallurgist,  Wittenstrom,  appears  to 
have  been  the  first  to  observe  that  the  addition  of  small 
quantities  of  aluminium  to  fused  steel  and  malleable  iron 
had  the  effeCt  of  rendering  them  more  fluid,  and,  by  thus 
facilitating  the  escape  of  entangled  gases,  of  ensuring  the 
production  of  sound  castings  without  any  prejudicial  effeCt 
upon  the  quality  of  the  metal.  The  excellence  of  the 


so-called  Mitis  castings,  produced  in  this  way,  appears 
thoroughly  established,  and  the  results  of  recent  important 
experiments  seem  to  be  opening  up  a  field  for  the  exten¬ 
sive  employment  of  aluminium  in  this  direction,  provided 
its  cost  becomes  sufficiently  reduced.  The  valuable  scien¬ 
tific  and  practical  experiments  of  W.  J.  Keep,  James 
Riley,  R.  Hadfield,  Stead,  and  other  talented  workers  in 
this  country  and  the  United  States,  are  rapidly  extending 
our  knowledge  in  regard  to  the  real  effects  of  aluminium 
upon  steel,  and  their  causes.  Thus,  it  appears  to  be 
already  established  that  the  modifications  in  some  of  the 
physical  properties  of  steel  resulting  from  the  addition  of 
that  metal,  are  not  merely  ascribable  to  its  aCtual  entrance 
into  the  composition  of  the  steel,  but  are  due,  in  part,  to 
the  de-oxidation  by  aluminium  of  some  proportion  of 
iron-oxide  which  exists  distributed  through  the  metal,  and 
prejudicially  affeCts  its  fluidity  when  melted.  In  the  latter 
respeCt,  therefore,  the  influence  exerted  by  aluminium, 
when  introduced  in  small  proportions  into  malleable  iron 
and  steel,  appears  to  be  quite  analogous  to  that  of  phos¬ 
phorus,  silicium,  or  lead  when  these  are  added  in  small 
proportions  to  copper  and  certain  of  its  alloys,  the  de¬ 
oxidation  of  which,  through  the  agency  of  those  sub¬ 
stances,  results  in  the  production  of  sound  castings  of 
increased  strength  and  uniformity.  It  is  only  when  pre¬ 
sent  in  small  proportion  in  the  finished  steel,  that 
aluminium  increases  the  breaking  strain  and  elastic  limit 
of  the  product. 

The  influence  of  aluminium,  when  used  in  small  pro¬ 
portion,  upon  the  properties  of  grey  and  white  cast  iron, 
is  also  of  considerable  interest,  especially  its  effeCt  in 
promoting  the  production  of  sound  castings,  and  of  modi¬ 
fying  the  character  of  white  iron  in  a  similar  manner  to 
silicium,  causing  the  carbon  to  be  separated  in  the 
graphitic  form  ;  with  this  difference — that  the  carbon 
appears  to  be  held  in  solution  until  the  moment  of 
setting  of  the  liquid  metal,  when  it  is  instantaneously 
liberated,  with  the  result  that  the  structure  of  the  cast 
metal  and  distribution  of  the  graphite  are  perfectly  uniform 
throughout. 

The  probable  beneficial  connection  of  aluminium  with 
the  industries  of  iron  and  steel  naturally  directs  attention 
to  the  great  practical  importance,  in  the  same  direction, 
which  has  already  been  acquired,  and  promises  to  be  in 
increasing  measure  attained,  by  certain  other  metals 
which,  for  long  periods  succeeding  their  discovery,  have 
either  been  only  of  purely  scientific  interest  and  import¬ 
ance,  or  have  acquired  practical  value  in  regard  to  their 
positions  in  a  few  directions  quite  unconnected  with  metal¬ 
lurgy.  Thus,  great  interest  attaches  to  the  influence  of 
the  metals  manganese,  chromium,  and  tungsten  upon  the 
physical  properties  of  steel  and  iron. 

The  name  of  Mushet  is  most  prominently  associated 
with  the  history  of  manganese  in  its  relations  to  iron  and 
steel.  Half-a-century  ago  David  Mushet  carried  out  very 
instructive  experiments  on  the  influence  exerted  upon  the 
properties  of  steel  by  the  presence  of  manganese  ;  and  to 
Robert  Mushet  we  owe  the  invaluable  experiments  leading 
to  his  suggestion  to  use  manganese  in  the  production  of 
steel  by  the  Bessemer  process,  which  at  once  smoothed 
the  path  to  the  marvellously  rapid  and  extensive  develop¬ 
ment  of  the  applications  of  steel  produced  by  that  classic 
method,  and  subsequently  by  the  open-hearth  or  Siemens- 
Martin  process— a  development  which  has  recently  re¬ 
ceived  its  crowning  illustration  in  the  completion  of  one 
of  the  grandest  of  existing  triumphs  of  engineering  science 
and  constructive  skill — the  Forth  Bridge. 

Robert  Hadfield  has  recently  contributed  importantly 
to  our  knowledge  of  the  relations  of  manganese  to  iron. 
His  systematic  study  of  the  subject  has  revealed  some 
very  remarkable  variations  in  the  physical  properties  of 
so-called  manganese-steel,  according  to  the  proportions 
of  manganese  which  it  contains.  Thus,  while  the  exist¬ 
ence  in  steel  of  proportions  ranging  from  ot  up  to  about 
275  per  cent  improves  its  length  and  malleability,  it  be¬ 
comes  brittle  if  that  limit  is  exceeded,  the  extreme  of 
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brittleness  being  obtained  with  between  4  and  5  per  cent 
of  manganese  ;  if,  however,  the  percentage  is  increased 
to  not  Jess  than  7,  and  up  to  20,  alloys  of  remarkable 
strength  and  toughness  are  obtained.  Castings  of  high 
manganese  steel,  such  as  wheel-tyres,  combine  remark¬ 
able  hardness  with  toughness.  Even  if  the  proportion  of 
manganese  is  as  high  as  20  per  cent  in  a  steel  containing 
2  per  cent  of  carbon,  it  can  be  forged  ;  whereas  it  is  very 
difficult  to  forge  a  steel  of  ordinary  composition  contain¬ 
ing  as  much  as  275  per  cent  of  carbon.  Another  remark¬ 
able  peculiarity  of  the  high  manganese  steel  is  its 
behaviour  when  quenched  in  water.  Instead  of  the 
heated  metal  being  hardened  and  rendered  brittle  by  the 
sudden  cooling,  like  carbon  steel,  its  tensile  strength  and 
its  toughness  are  increased  ;  so  that  water-quenching  is 
really  a  toughening  process,  as  applied  to  the  manganese 
alloy  ;  and  an  interesting  feature  connected  with  this  is 
that,  the  colder  the  bath  into  which  the  highly-heated 
metal  is  plunged,  the  tougher  is  the  product.  The  curious 
effect  of  manganese  in  reducing,  and  even  destroying,  the 
magnetic  properties  of  iron  was  already  noticed  by  Rinman 
nearly  120  years  ago  ;  one  result  of  Hadfield’s  important 
labours  has  been  to  place  in  the  hands  of  such  eminent 
physicists  as  Thomson,  John  Hopkinson,  and  Reinold, 
materials  for  the  attainment  of  most  interesting  informa¬ 
tion  respecting  the  eleCtrical  and  other  physical  character¬ 
istics  of  manganese  steel.  Hopkinson,  from  experiments 
with  a  sample  of  steel  containing  12  per  cent  of 
manganese,  estimated  that  not  more  than  9  out  of  the  86 
per  cent  of  the  iron  composing  the  mass  was  magnetic, 
and  he  considered  that  the  manganese  enters  into  that 
which  must,  for  magnetic  purposes,  be  regarded  as  the 
molecule  of  iron,  completely  changing  its  properties,  a 
faCt  which  must  have  great  significance  in  any  theory  re¬ 
garding  the  nature  of  magnetisation.  The  great  hardness  of 
manganese  steel,  and  the  consequent  difficulty  of  dealing 
with  it  by  means  of  cutting-tools,  constitute  at  present  the 
chief  impediments  to  its  technical  applications  in  many 
directions  ;  but  where  great  accuracy  of  dimensions  is  not 
required,  and  where  great  strength  is  an  essential,  it  is 
already  put  to  valuable  uses. 

The  importance  of  manganese  in  connection  with  the 
metallurgy  of  iron  and  steel  is  in  a  fair  way  of  finding  its 
rival  in  that  of  the  metal  chromium,  the  employment  of 
which,  as  an  alloy  with  steel,  was  first  made  the  subject 
of  experiment  in  1821,  by  Berthier,  who  was  led  by  the 
important  experiments  of  Faraday  and  Stoddart,  then 
just  published,  to  endeavour  to  alloy  chromium  with  steel, 
and  obtained  good  results  by  fusing  steel  together  with  a 
rich  alloy  of  chromium  and  iron,  so  as  to  introduce  about 
15  per  cent  of  the  former  into  the  metal.  Further  small 
experiments  were  made  the  year  following,  by  Faraday 
and  Stoddart,  in  the  same  direction  ;  but  chrome  steel 
appears  to  have  been  first  produced  commercially  at 
Brooklyn,  N.Y.,  sixteen  years  ago.  Ten  years  later  its 
manufacture  had  become  developed  in  France,  and  the 
varieties  ofchrome  steel  produced  in  the  Loire  district  now 
receive  important  and  continually  extending  applications, 
on  account  of  their  combining  comparative  hardness 
with  high  tenacity,  and  only  little  loss  in  duCtility,  and 
of  their  acquiring  great  closeness  of  structure  when 
tempered. 

The  influence  of  chromium  upon  the  character  of  steel 
differs  in  several  marked  respeCls  from  that  exercised  by 
manganese  ;  thus,  chrome  steels  weld  badly,  or  not  at  all, 
whereas  manganese  steels  weld  very  readily,  and  work 
under  the  hammer  better  than  ordinary  carbon  steel. 
Again,  the  remarkable  influence  of  manganese  upon  the 
magnetic  propetties  of  steel  and  iron  is  not  shared  by 
chromium.  Chrome  steel  has  for  some  time  been  a 
formidable  rival  of  the  very  highest  qualities  of  carbon 
steel  produced  for  cutting  tools,  and  of  the  valuable 
ungsten  steel  which  we  owe  to  Robert  Mushet.  The 
great  hardness,  high  tenacity,  and  exceeding  closeness  of 
structure  possessed  by  suitably  tempered  steel  containing 
hot  more  than  fiom  1  to  1*5  per  cent  of  chromium,’  and 
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from  o-8  to  1  per  cent  of  carbon,  renders  this  material 
invaluable  for  war  purposes  :  cast  projectiles,  when  suit¬ 
ably  tempered,  have  penetrated  compound  steel  and  iron 
plates  over  9  inches  in  thickness,  such  as  are  used  upon 
armoured  ships  of  war,  without  even  sustaining  any  im¬ 
portant  change  of  form.  The  proper  tempering  of  these 
projectiles  necessitates  their  being  produced  hollow ;  their 
cavities  or  chambers  are  only  of  small  capacity,  but  the 
charge  of  violent  explosive  which  they  can  contain,  and 
which  can  be  set  into  action  without  the  intervention  of  fuse 
or  detonating  appliance,  suffices  to  tear  these  formidable 
punching  tools  into  fragments  as  they  force  their  way  ir¬ 
resistibly  through  the  armoured  side  of  a  ship,  and  to 
violently  project  those  fragments  in  all  directions,  with 
fearfully  destructive  effeCts.  The  employment  of  chromium 
as  a  constituent  of  steel  plates  used  for  the  protection  of 
ships  of  war  is  already  being  entered  upon,  and  the 
influence  exerted  by  the  presence  of  that  metal  in  small 
quantities  in  steel  employed  in  the  construction  of  guns  is 
also  at  present  a  subject  of  investigation.  At  Crewe,  Mr. 
F.  Webb  has  for  some  time  past  used  chromium,  with 
considerable  advantage,  in  the  production  of  high-quality 
steels  for  railway  requirements. 

The  practical  results  attained  by  the  introduction  of 
copper  and  of  nickel  as  components  of  steel  have  also 
recently  attracted  much  attention.  At  the  celebrated 
French  Steel  Works  of  M.  Schneider,  at  Creuzot,  the 
addition  of  a  small  percentage  of  copper  to  steel  used 
for  armour  plates  and  projectiles  is  practised,  with  the 
objeCt  of  imparting  hardness  to  the  metal  without  prejudice 
to  its  toughness.  James  Riley  has  found  that  the  pre¬ 
sence  of  aluminium  in  very  small  quantities  facilitates  the 
union  of  steel  with  a  small  proportion  of  copper,  and  that 
the  latter  increases  the  strength  but  does  not  improve  the 
working  qualities  of  steel.  With  nickel,  Riley  has  ob¬ 
tained  products  analogous  in  many  important  respeCts  to 
manganese  steel ;  the  remarkable  differences  in  the 
physical  properties  of  the  manganese  alloys,  according  to 
their  richness  in  that  metal,  are  also  shared  by  the  nickel 
alloys,  some  of  these  being  possessed  of  very  valuable 
properties  ;  thus,  it  has  been  shown  by  Riley  that  a  par¬ 
ticular  variety  of  nickel-steel  presents  to  the  engineer  the 
means  of  nearly  doubling  boiler-pressures,  without  in¬ 
creasing  weight  or  dimensions.  He  has,  moreover,  found 
the  co-existence  of  manganese  in  small  quantity  with 
nickel  in  the  alloy  to  contribute  importantly  to  the 
development  of  valuable  physical  properties. 

The  careful  study  of  the  alloys  of  aluminium,  chromium, 
manganese,  tungsten,  copper,  and  nickel,  with  iron  and 
with  steel,  so  far  as  it  has  been  carried,  with  especial 
reference  to  the  influence  which  they  respectively  exer¬ 
cise  upon  the  salient  physical  properties  of  those  materials, 
even  when  present  in  them  in  only  very  small  proportions, 
has  demonstrated  the  importance  of  a  more  searching  or 
complete  application  of  chemical  analysis,  than  hitherto 
practised,  to  the  determination  of  the  composition  of  the 
varieties  of  steel  which  practical  experience  has  shown  to 
be  peculiarly  adapted  to  particular  uses.  It  appears, 
indeed,  not  improbable  that  certain  properties  of  these, 
which  have  been  ascribed  to  slight  variations  in  the  pro¬ 
portion  or  the  condition  of  the  constituent  carbon,  or  in 
the  amounts  of  silicium,  phosphorus,  and  manganese 
which  they  contain,  may  sometimes  have  been  due  to  the 
presence  in  minute  quantities  of  one  or  other  of  such 
metals  as  those  named,  and  to  the  effects  which  they 
produce,  either  direCtly,  or  indirectly  by  modifying  or 
counteracting  the  effeCts  of  the  normal  constituents  of 
steel.  The  important  part  now  played  by  manganese  in 
steel  manufacture  is  an  illustration  of  the  comparatively 
recent  results  of  research,  and  of  practical  work  based  on 
research,  in  these  directions,  and  the  effeCts  of  the  presence 
in  steel  of  only  very  small  quantities  of  some  of  the  other 
metals  named  are  already,  as  I  have  pointed  out,  being 
similarly  understood  and  utilised. 

Such  systematic  researches  as  those  upon  which 
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Osmond,  Roberts-Austen,  and  many  other  workers  have 
been  for  some  time  past  engaged,  may  make  us  acquainted 
with  the  laws  which  govern  the  modifications  effected  in 
the  physical  characteristics  of  metals  by  alloying  these 
with  small  proportions  of  other  metals.  The  suggestion 
of  Roberts- Austen  that  such  modifications  may  have  direct 
connection  with  the  periodic  law  of  Mendeleeff,  which 
may  furnish  explanations  of  the  causes  of  specific  varia¬ 
tions  in  the  properties  of  iron  and  steel,  has  been  followed 
up  energetically  by  Osmond,  who  has  experimentally  in¬ 
vestigated  the  thermal  influence  upon  iron  of  the  elements 
phosphorus,  sulphur,  arsenic,  boron,  silicium,  nickel, 
manganese,  chromium,  copper,  and  tungsten.  He  regards 
his  results  as  being  quite  confirmatory  of  the  soundness 
of  Roberts- Austen’s  suggestion,  as  they  demonstrate  that 
foreign  elements  having  atomic  volumes  lower  than  iron 
tend  to  make  it  assume  or  preserve  the  particular  molecular 
form  in  which  it  has  itself  the  lowest  atomic  volume, 
while  the  converse  is  the  case  for  the  foreign  elements  of 
high  atomic  volume.  An  analogous  influence  was  found 
to  be  exerted  by  those  two  groups  of  elements  upon  the 
permanent  magnetisation  of  steel. 

Captivating  as  such  deductions  are,  those  who  have 
devoted  much  attention  to  the  practical  investigation  of 
iron,  steel,  and  other  metals,  cannot  but  feel  that  much 
caution  has  to  be  exercised  in  drawing  broad  conclusions 
from  the  results  of  such  researches  as  these.  Like  the 
investigations  recently  made  with  the  object:  of  ascertain¬ 
ing  the  condition  in  which  carbon  exists  in  steel,  and  the 
part  played  by  it  in  determining  the  modifications  in  the 
properties  developed  in  that  material  by  the  influence  of 
temperature  and  of  work  done  upon  it,  they  are  surrounded 
by  formidable  difficulties,  arising  from  the  practical  im¬ 
possibility  of  altogether  eliminating  the  disturbing 
influences  of  minute  quantities  of  foreign  elementary 
bodies,  co-existing  in  the  metal  operated  upon,  with  those 
whose  effects  we  desire  to  study.  Certain  it  is,  however, 
that  by  acquiring  an  accurate  acquaintance  with  the  com¬ 
position  of  varieties  of  iron  and  steel  exhibiting  charadter- 
.  istic  properties  ;  by  preserving  in  the  all-important  work 
of  systematic  practical  examination  of  the  mechanical  and 
physical  peculiarities  developed  in  iron  and  steel  of  known 
composition  by  their  association  with  one  or  more  of  the 
rarer  metals  in  varied  proportions,  and  by  the  further- 
prosecution  of  chemical  and  physical  research  in  such 
directions  as  those  which  have  already  been  fruitful  of 
most  instructive  results,  such  talented  labourers  as 
Chernoff,  Osmond,  Roberts-Austen,  Barus  and  Stroudal, 
Hadfield,  Keep,  James  Riley,  Stead,  Turner,  and  others, 
cannot  fail  to  contribute  continually  to  the  development 
of  improvements  equalling  in  importance  those  already 
attained  in  the  production,  treatment,  and  methods  of 
applying  cast  iron,  malleable  iron,  and  steel,  or  alloys 
equivalent  to  steel  in  their  qualities. 

The  causes  of  the  variations  in  the  physical  properties 
of  steel  produced  by  the  so-called  hardening,  annealing, 
and  tempering  processes  were  for  very  many  years  a 
fruitful  subject  for  experimental  inquiry,  as  well  as  of 
theoretical  speculation  with  regard  to  the  condition  in 
which  the  carbon  is  distributed  in  steel,  according  to 
whether  the  metal  is  hardened  or  annealed,  or  in  an 
intermediate,  tempered  state.  Recent  researches  have 
made  our  knowledge  in  the  latter  direction  fairly  precise  ; 
as  yet,  however,  we  are  only  on  the  track  of  definite  in¬ 
formation  respecting  the  nature  and  extent  of  connection 
between  the  physical  peculiarities  of  steel  in  those  dif¬ 
ferent  conditions  and  the  established  differences  in  the 
form  and  manner  in  which  the  carbon  is  disseminated 
through  it. 

The  careful  systematic  study  of  the  modifications  de¬ 
veloped  in  certain  physical  properties  of  iron  and  steel  by 
gradual  changes  of  temperature  between  fusion  of  the 
metal  and  the  normal  temperature,  has  shown  those 
modifications  to  be  governed  by  a  constant  law,  and  that 
at  certain  critical  temperatures  special  phenomena  present  ! 


themselves.  This  important  subject,  which  was  so  clearly 
brought  before  the  Association  last  year  in  the  interesting 
ledture  of  Roberts-Austen,  has  been  and  is  still  being 
pursued  by  accomplished  workers,  among  whom  the  most 
prominent  is  F.  Osmond.  The  phenomenon  of  recales- 
cence,  or  the  re-glowing  of,  or  liberation  of  heat  in,  iron 
and  steel  at  certain  stages  during  the  cooling  process, 
first  noticed  by  Gore,  and  examined  into  by  Barrett, 
appears  to  be  the  result  of  adtual  chemical  combination 
between  the  metal  and  its  contained  carbon  at  the  par¬ 
ticular  temperature  attained  at  the  time;  while  the  ab¬ 
sorption  of  heat,  demonstrated  by  the  arrest  in  rise  of 
temperature  during  its  continuous  application  to  the  metal, 
is  ascribed  to  the  elimination,  within  the  mass,  of  carbon 
as  an  iron  carbide  perfectly  stable  at  low  temperatures. 
The  pursuit  of  a  well-devised  system  of  experimental  in¬ 
quiry  into  this  subjedt  has  led  Osmond  to  propound 
theories  of  the  hardening  and  tempering  of  steel,  which 
are  at  present  receiving  the  careful  study  of  physicists  and 
chemists,  and  cannot  fail  to  lead  to  further  important 
advancement  of  our  knowledge  of  the  true  nature  of  the 
influence  of  carbon  upon  the  properties  of  iron. 

Another  important  subjedt  connedted  with  the  treatment 
of  masses  of  steel,  and  with  the  influence  exercised  upon 
their  physical  charadteristics  by  the  processes  of  harden¬ 
ing  and  tempering,  and  by  submitting  them  to  oft-repeated 
concussion  or  vibrations,  or  frequent  or  long-continued 
strains,  is  the  development  and  maintenance,  or  gradual 
disappearance,  of  internal  stresses  in  the  masses — one  of 
the  many  important  subjedts  to  which  attention  was 
diredted  by  Dr.  Anderson,  the  Diredlor- General  of 
Ordnance  Fadtories,  in  his  very  suggestive  address  to  the 
Mechanical  Sedtion  last  year.  This  question  is  one  of 
especial  interest  to  the  construdtor  of  steel  guns,  as  the 
powers  of  endurance  of  these  do  not  simply  depend  upon 
the  quality  of  the  material  composing  them,  but  are  very 
largely  influenced  by  the  treatment  which  it  receives  at 
the  hands  of  the  gunmaker.  Indeed,  the  highest  import¬ 
ance  attaches  to  the  processes  which  are  applied  to  the 
preliminaiy  preparation  of  the  individual  parts  of  which 
the  gun  is  construdted,  and  to  the  putting  together  of  these 
so  as  to  ensure  their  being  and  remaining  in  the  physical 
condition  best  calculated  to  assist  each  other  in  securing 
for  the  strudlure  the  power  of  so  successfully  resisting  the 
heavy  strains  to  which  it  has  to  be  subjedted,  as  to  suffer 
little  alteration  other  than  that  due  to  the  superficial 
adtion  of  the  highly-heated  produdts  of  explosion  of  the 
charges  fired  in  the  gun.  The  development  of  internal 
strains  in  objedts  of  steel,  especially  by  the  hardening 
and  tempering  processes,  or  by  their  exposure  to  condi¬ 
tions  favourable  to  unequal  cooling  of  different  parts  of 
the  mass,  has  long  been  a  subjedt  of  much  trouble  and  of 
experimental  inquiry  in  connedtion  with  many  applications 
of  steel.  Systematic  experiments  of  the  kind  commenced, 
about  eighteen  years  ago,  by  the  late  Russian  general, 
Kalakoutsky,  are  now  being  pursued  at  Woolwich,  with 
the  objedts  of  determining  the  nature  and  causes  of 
internal  stresses  in  steel  gun-hoops  and  tubes,  and  in 
shells,  and  of  thereby  establishing  the  proper  course  to  be 
adopted  for  avoiding,  lessening,  or  counteradting  injurious 
stresses,  on  the  one  hand,  and  for  setting  up  stresses 
beneficial  to  the  powers  of  endurance  of  guns  on  the 
other.  One  method  of  experiment  pursued,  with  parts  of 
guns,  is  to  cut  narrow  hoops  off  the  forgings,  after  a  par¬ 
ticular  treatment,  which  are  then  cut  right  across  at  one 
place,  it  being  observed  whether,  and  to  what  extent,  the 
resulting  gaps  open  or  close.  This  important  subjedt  has 
also  been  similarly  investigated  by  my  talented  old  friend 
and  fellow  worker,  the  President  this  year  of  the 
Mechanical  Sediion,  Capiain  Andrew  Noble,  whose  name 
in  connedtion  with  the  science  and  pradtice  of  artillery  is 
familiar  to  us  as  household  words. 

(To  be  continued). 
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By  Professor  T.  E.  THORPE,  B  Sc.,  Ph  D.,  F.R.S.,  Treas.C.S., 
President  of  the  Sedtion. 

Leeds  has  one  most  notable  association  with  chemistry 
of  which  she  is  justly  proud.  In  the  month  of  September, 
1767,  Dr.  Joseph  Priestley  took  up  his  abode  in  this 
town.  The  son  of  a  Yorkshire  cloth-dresser,  he  was 
born  in  1733  at  Fieldhead,  a  village  about  six  miles  hence. 
His  relatives,  who  were  strict  Calvinists,  on  discovering 
his  fondness  for  books,  sent  him  to  the  Academy  at 
Daventry  to  be  trained  for  the  ministry.  In  spite  of  his 
poverty  and  of  certain  natural  disadvantages  of  speech 
and  manner,  he  gradually  acquired,  more  especially  by 
his  controversial  and  theological  writings,  a  considerable 
influence  in  Dissenting  circles.  A  pressing  invitation  and 
the  offer  of  one  hundred  guineas  a  year,  induced  him  to 
accept  an  invitation  to  take  charge  of  the  congregation  of 
Mill  Hill  Chapel  here.  He  was  already  known  to  science 
by  his  “  History  of  Electricity,”  and  the  effort  was  made 
to  attach  him  still  more  closely  to  its  cause  by  the  offer 
of  an  appointment  as  naturalist  to  Cook’s  Second  Ex¬ 
pedition  to  the  South  Seas.  But  thanks  to  the  interven¬ 
tion  of  some  worthy  ecclesiastics  on  the  Board  of  Longi¬ 
tude  who  had  the  direction  of  the  business,  and  who,  as 
Professor  Huxley  once  put  it,  “  possibly  feared  that  a 
Socinian  might  undermine  that  piety  which  in  the  days  of 
Commodore  Trunnion  so  strikingly  characterised  sailors,” 
he  was  allowed  to  remain  in  Leeds,  where,  as  he  tells  us 
in  his  Memoirs,  he  continued  six  years,  “  very  happy  with 
a  liberal,  friendly,  and  harmonious  congregation,”  to 
whom  his  services  (of  which  he  was  not  sparing)  were 
very  acceptable.  “  In  Leeds,”  he  says,  “  I  had  no  un¬ 
reasonable  prejudices  to  contend  with,  and  I  had  full 
scope  for  every  kind  of  exertion.”* 

We  have  every  reason  to  feel  grateful  to  the  “  worthy 
ecclesiastics,”  since  their  action  indirectly  occasioned 
Priestley  to  turn  his  attention  to  chemistry.  The  accident 
of  living  near  a  brewery  led  him  to  study  the  properties  of 
“fixed  air,”  or  carbonic  acid,  which  is  abundantly  formed 
in  the  process  of  fermentation,  and  which  at  that  time 
was  the  only  gas  whose  separate  and  independent  exist¬ 
ence  had  been  definitely  established.  From  this  happy 
accident  sprang  that  extraordinary  succession  of  dis¬ 
coveries  which  earned  for  their  author  the  title  of  the 
Father  of  Pneumatic  Chemistry,  and  which  were  destined 
to  completely  change  the  aspect  of  chemical  theory  and  to 
give  it  a  new  and  unexpected  development. 

I  have  been  led  to  make  this  allusion  to  Priestley,  not 
so  much  on  account  of  his  connection  with  this  place  as 
for  the  reason  that,  as  it  seems  to  me,  there  has  been  a 
disposition  to  obscure  his  true  relation  to  the  marvellous 
development  of  chemical  science  which  made  the  close  of 
the  last  century  memorable  in  the  history  of  learning. 
Our  distinguished  fellow-worker,  M.  Berthelot,  the 
Perpetual  Secretary  of  the  French  Academy,  has  recently 
published,  under  the  title  of  “  La  Revolution  Chimique,” 
a  remarkable  book,  written  with  great  skill,  and  with  all 
the  charm  of  style  and  perspicacity  which  invariably 
characterises  his  work,  in  which  he  claims  for  Lavoisier  a 
participation  in  discoveries  which  we  count  among  the 
chief  scientific  glories  of  this  country.  From  the  emi¬ 
nence  of  M.  Berthelot’s  position  in  the  world  of  science, 
his  book  is  certain  to  receive  in  his  own  country  the  at¬ 
tention  which  it  merits,  and  as  it  is  issued  as  one  of  the 
volumes  of  the  Bibliotheque  Scientifique  Internationale 
it  will  probably  obtain  through  the  medium  of  translations 
a  still  wider  circulation.  1  trust  that  I  shall  not  be  ac¬ 
cused  of  being  unduly  actuated  by  what  Mr.  Herbert 


*  Leeds  still  enjoys  one  of  the  fruits  of  Priestley’s  insatiable  power 
of  work  in  her  admirable  Proprietary  Library.  He  seems  to  have 
suggested  its  formation  and  was  its  first  honorary  secretary. 
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Spencer  terms  “  the  bias  of  patriotism  ”  in  deeming  the 
present  a  fitting  occasion  on  which  to  bring  these  claims 
to  your  notice  with  a  view  of  determining  how  far  they 
can  be  substantiated. 

All  who  are  in  the  least  degree  familiar  with  the  history 
of  chemical  science  during  the  last  hundred  years  will 
recognise,  as  I  proceed,  that  the  claims  which  M. 
Berthelot  asserts  on  behalf  of  his  illustrious  predecessor 
are  not  put  forward  for  the  first  time.  Explicitly  made, 
in  fad  by  Lavoisier  himself,  they  were  uniformly  and  con¬ 
sistently  disallowed  by  his  contemporaries.  M.  Berthelot 
'  now  seeks  to  support  them  by  additional  evidence,  and  to 
strengthen  them  with  new  arguments,  and  asks  us  thereby 
to  clear  the  memory  of  Lavoisier  from  certain  grave 
charges  which  lie  heavily  on  it.  You  have  doubtless  an¬ 
ticipated  that  these  claims  have  reference  to  Lavoisier’s 
position  in  relation  to  the  discovery  of  oxygen  gas  and 
the  determination  of  the  non-elementary  nature  of  water. 

The  substance  we  now  call  oxygen — a  name  we  owe  to 
Lavoisier — was  discovered  by  Priestley  on  August  1, 
1774  ;  he  obtained  it,  as  every  schoolboy  knows,  by  the 
action  of  heat  upon  the  red  oxide  of  mercury.  We  all  re¬ 
member  the  characteristically  ingenuous  account  which 
Priestley  gives  of  the  origin  of  his  discovery.  M.  Berthelot 
sees  in  it  merely  the  evidence  of  the  essentially  empirical 
character  of  his  work.  “  Priestley,”  he  says,  “  the  enemy 
of  all  theory  and  of  every  hypothesis,  draws  no  general 
conclusion  from  his  beautilul  discoveries,  which  he  is 
pleased,  moreover,  not  without  affectation,  to  attribute  to 
chance.  He  describes  them  in  the  current  phraseology 
of  the  period  with  an  admixture  of  peculiar  and  incoherent 
ideas,  and  he  remained  obstinately  attached  to  the  theory 
of  phlogiston  up  to  his  death,  which  occurred  in  1804”  (p. 
40).  Such  a  statement  is  calculated  to  give  an  erroneous 
idea  of  Priestley’s  merit  as  a  philosopher.  That  the  implica¬ 
tion  it  contains  is  wholly  opposed  to  the  real  spirit  of  his 
work  might  be  readily  shown  by  numerous  quotations 
from  his  writings.  Perhaps  this  will  suffice.  “  It  is 
always  our  endeavour,  after  making  experiments,  to 
generalise  the  conclusions  we  draw  from  them,  and  by 
this  means  to  form  a  theory  or  system  of  principles  to 
which  all  the  facts  may  be  reduced,  and  by  means  of 
which  we  may  be  able  to  foretell  the  result  of  future  ex¬ 
periments.”  This  quotation  is  taken  from  the  concluding 
chapter  of  his  “  Experiments  and  Observations  on 
Different  Kinds  of  Air,”  in  which  he  adtually  seeks  to 
draw  “  general  conclusions  ”  concerning  the  constituent 
principles  of  the  various  gases  which  he  himself  made 
known  to  us,  and  to  show  the  bearing  of  these  conclusions 
on  the  doCtrine  of  phlogiston.  That  he  was  content  to 
rest  in  the  faith  of  Stahl’s  great  generalisation,  even  to 
the  end,  is  true,  and  the  faCt  is  the  more  remarkable  when 
we  recall  the  absolute  sincerity  of  the  man,  his  extra¬ 
ordinary  receptivity,  and,  as  he  says  of  himself,  his  prone¬ 
ness  “  to  embrace  what  is  generally  called  the  heterodox 
side  of  almost  every  question.”  If  it  is  argued  that  this 
merely  shows  Priestley’s  inability  to  appreciate  theory,  it 
must  be  at  least  admitted  that  there  is  no  proof  that  he 
was  inimical  to  it.  His  position  is  clearly  evident  from 
the  concluding  words  of  the  section  of  his  work  from 
which  I  have  already  quoted.  “  This  doCtrine  of  the  com¬ 
position  and  decomposition  of  water  has  been  made  the 
basis  of  an  antirely  new  system  of  chemistry,  and  a  new 
set  of  terms  has  been  invented  and  appropriated  to  it.  It 
must  be  acknowledged  that  substances  possessed  of  very 
different  properties  may,  as  I  have  said,  be  composed  of 
the  same  elements  in  different  proportions  and  different 
modes  of  combination.  It  cannot,  therefore,  be  said  to 
be  absolutely  impossible  but  that  water  may  be  composed 
t  of  these  two  elements  or  any  other.  But  then  the  sup¬ 
position  should  not  be  admitted  without  proof,  and  if  a 
former  theory  will  sufficiently  account  for  all  the  facts 
there  is  no  occasion  to  have  recourse  to  a  new  one, 
attended  with  no  peculiar  advantage  ( loc .  cit.,  p.  543) 

.  .  .  .  I  should  not  feel  much  reluctance  to  adopt  the 

new  doctrine,  provided  any  new  and  stronger  evidence  be 
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produced  for  it.  But  though  I  have  given  all  the  atten¬ 
tion  that  I  can  to  the  experiments  of  M.  Lavoisier,  &c.,  I 
think  that  they  admit  of  the  easiest  explanation  on  the 
old  system  ”  ( loc .  cit.,  p.  563). 

Thefad  that  Priestley  was  the  first  to  consciously  isolate 
oxygen  is  not  contested  by  M.  Bertbelot,  although  he  is 
careful  to  point  out,  what  is  not  denied,  that  the  exad  date 
of  the  discovery  depends  on  Priestley’s  own  statement, 
and  that  his  first  publication  of  it  was  made  in  a  work 
published  in  London  in  1775.  It  was  known  before 
Priestley’s  famous  experiment  that  the  red  oxide  of  mer¬ 
cury,  originally  formed  by  heating  the  metal  in  contadf 
with  air,  would  again  yield  mercury  by  the  simple  adion 
of  heat  and  without  the  intervention  of  any  reducing 
agent.  Bayen,  six  months  before  the  date  of  Priestley’s 
discovery,  had  observed  that  a  gas  was  thus  disengaged, 
but  he  gave  no  description  of  its  nature,  contenting  him¬ 
self  merely  by  pointing  out  the  analogy  which  his  experi¬ 
ments  appeared  to  possess  to  those  of  Lavoisier  on  the 
existence  of  an  elastic  fluid  in  certain  substances.  After¬ 
wards,  when  the  fads  were  established,  Bayen  drew 
attention  to  his  earlier  experiments  and  claimed,  not  only 
the  discovery  of  oxygen,  but  all  that  Lavoisier  deduced 
from  it.  “  But,”  says  M.  Berthelot,  in  reference  to  this 
circumstance,  “  his  contemporaries  paid  little  heed  to  his 
pretensions,  nor  will  prosterity  pay  more  ”  (“  I, a  Revolu¬ 
tion  Chimique,”  p.  60). 

M.  Berthelot,  however,  does  not  dismiss  Lavoisier’s 
claims  to  a  participation  in  the  discovery  in  the  same 
summary  fashion.  On  the  contrary,  whilst  not  explicitly 
claiming  for  him  the  adual  isolation,  in  the  first  instance, 
of  oxygen,  the  whole  tenor  of  his  argument  is  to  extenuate, 
and  even  to  justify,  his  demand  to  be  regarded  as  an  in¬ 
dependent  discoverer  of  the  gas.  He  begins  by  asserting 
that  Lavoisier  had  already  a  presentiment  of  its  existence 
in  1774,  and  he  quotes,  in  support  of  this  assumption,  an 
abstrad  from  Lavoisier’s  memoir,  published  in  December, 
1774,  in  the  Journal  de  Physique  of  the  Abbe  Rozier. 
“  This  air,  deprived  of  its  fixable  portion  (by  metals  during 
calcination),  is  in  some  fashion  decomposed,  and  this  ex¬ 
periment  would  seem  to  afford  a  method  of  analysing  the 
fluid  which  constitutes  our  atmosphere  and  of  examining 
the  principles  of  which  it  is  composed.  .  .  .  I  believe 

I  am  in  a  position  to  affirm  that  the  air,  as  pure  as  it  is 
possible  to  suppose  it,  free  from  moisture  and  from  every 
foreign  substance,  far  from  being  a  simple  body,  or  ele¬ 
ment,  as  is  commonly  thought,  should  be  placed,  on  the 
contrary,  ....  in  the  group  of  the  mixtures,  and 
perhaps  even  in  that  of  the  compounds.” 

M.  Berthelot  further  asserts  that  Lavoisier  was  at  this 
time  the  first  to  recognise  the  true  charader  of  air,  and  he 
expresses  his  belief  that  it  is  probable  that  he  would  him¬ 
self  have  succeeded  in  isolating  its  constituents  if  the 
path  of  inquiry  had  been  left  to  him  alone.  It  is  no  dis¬ 
paragement  to  Lavoisier’s  prescience  to  say  that  there  is 
nothing  in  these  lines,  nor  in  the  memoir  of  the  repetition 
of  Boyle’s  experiments  on  the  calcination  of  tin  to  which 
they  refer,  to  show  that  Lavoisier  had  made  any  advance 
beyond  the  position  of  Hooke  and  Mayow.  It  has  been 
more  than  once  pointed  out  that  the  chemists  of  the 
seventeenth  century  understood  the  true  nature  of  com¬ 
bustion  in  air  much  better  than  their  brethren  of  the  last 
quarter  of  the  eighteenth  century.  Hooke,  in  the  Micro- 
graphia,  and  Mayow,  in  his  “  Opera  Omnia  Medico- 
physica,”  indicated  that  combustion  consists  in  the  union 
of  something  with  the  body  which  is  being  burnt;  and 
.Mayow,  both  by  experiment  and  inference,  demonstrated 
in  the  clearest  way  the  analogy  between  respiration  and 
combustion,  and  showed  that  in  both  processes  one  con¬ 
stituent  only  of  the  air  is  conceined.  He  distinctly  stated 
that,  not  only  is  there  increase  of  weight  attending  the 
calcination  of  metals,  but  that  this  increase  is  due  to  the 
absorption  of  the  same  spiritus  from  the  air  that  is 
necessary  to  respiration  and  combustion.  Mayow’s  ex¬ 
periments  are  so  precise,  and  his  fads  so  incontestable, 
that,  as  Chevreul  has  said,  it  is  surprising  that  the  truth 
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was  not  fully  recognised  until  a  century  after  his  researches 
( Vide  Watts’  “Didionary  of  Chemistry,”  by  Morley  and 
Muir,  art,  “  Combustion,”  p.  242). 

It  is  now  necessary  to  examine  Lavoisier’s  claims 
rather  more  closely  and  in  the  light  of  M.  Berthelot’s 
book.  A  resume  of  his  work  “  On  the  Calcination  of 
Tin  ”  was  given  by  Lavoisier  to  the  Academy  in 
November,  1774,  but  the  complete  memoir  was  not 
deposited  until  May,  1777.  A  careful  comparison  of  an 
abstrad  of  what  was  stated  to  the  Academy  in  November, 
1774,  contributed  by  Lavoisier  himself,  in  December, 
1774,  to  the  Journal  de  Physique  of  the  Abbe  Rozier, 
makes  it  evident  that  very  substantial  additions  were 
made  to  the  communication  before  it  was  finally  printed 
in  the  Memoires  de  VAcademie  des  Sciences.  The  possi¬ 
bility  of  this  is  allowed  by  M.  Berthelot.  He  says 
(p.  58) : — “  A  summary  communication,  often  given  viva 
voce  to  a  learned  society,  such  as  the  Academy  of  Sciences 
of  Paris  or  the  Royal  Society  of  London,  would  imme¬ 
diately  call  forth  verifications,  ideas, and  new  experiments, 
which  would  develop  the  range  and  even  the  results  of 
such  communication.  The  original  author,  when  printing 
his  memoir,  would  in  return — and  for  this  he  is  hardly 
blamable — embody  these  additional  results  and  later  in¬ 
terpretations.  It  thus  becomes  most  difficult  to  assign 
impartially  to  each  his  share  in  a  rapid  succession  of 
discoveries  ”  (Loc.  cit.,  p.  58). 

But  although,  as  we  shall  see,  Lavoisier  was  certainly 
aware  of  Priestley’s  great  discovery,  no  allusion  is  made 
to  the  gas,  nor  to  Priestley’s  previous  work  on  the  other 
constituent  of  air,  which  is  printed  in  the  Philosophical 
Transactions  for  1772,  and  for  which  he  was  awarded  the 
Copley  Medal  by  the  Royal  Society.  It  is  simply  im¬ 
possible  to  believe  that  Lavoisier  could  have  been  un¬ 
influenced  by  this  work.  Indeed,  we  venture  to  assert 
that  the  full  and  clear  recognition  of  the  non-elementary 
nature  of  air  which  he  eventually  made  was  based  upon 
it.  It  is  noteworthy  that  in  the  early  part  of  his  memoir 
he  states  his  opinion  that  the  addition,  not  only  of  pow¬ 
dered  charcoal,  but  of  any  phlogistic  substance  to  a 
metallic  calx  is  attended  with  the  formation  of  fixed  air. 
It  is  certain  that  at  this  period  he  had,  not  only  not 
consciously  obtained  any  gas  resembling  Priestley’s 
dephlogisticated  air  from  any  calx  with  which  he  had  ex¬ 
perimented,  but  that  none  of  his  experiments  had  afforded 
him  any  idea  that  the  gas  absorbed  during  calcination 
was  identical  with  it. 

At  Easter,  1775,  Lavoisier  presented  a  memoir  to  the 
Academy  “On  the  Nature  of  the  Principle  which  Com¬ 
bines  with  Metals  during  Calcination.”  This  was 
“  rein  le  8  Aout ,  1778.”  To  the  memoir  there  is  a  note 
statmg  that  the  first  experiments  detailed  in  it  were 
performed  more  than  a  year  before  ;  those  on  the  red 
precipitate  were  made  by  means  of  a  burning  glass  in  the 
month  of  November,  1774,  and  were  repeated  in  the 
spring  of  1775  at  Montigny  in  conjunction  with  M. 
Trudaine.  In  this  paper  Lavoisier  first  distinctly  an¬ 
nounces  that  the  principle  which  unites  with  metals 
during  their  calcination,  which  increases  their  weight, 
and  which  transforms  them  into  calces,  is  nothing  else 
“than  the  purest  and  most  salubrious  part  of  the  air; 
so  that  if  that  air  which  has  been  fixed  in  a  metallic  com¬ 
bination  again  becomes  free,  it  re-appears  in  a  condition 
in  which  it  is  eminently  respirable,  and  better  adapted 
than  the  air  of  the  atmosphere  to  support  inflammation 
and  the  combustion  of  substances”  (“  CEuvres  de 
Lavoisier,”  official  edition,  vol.  ii . ,  p.  123).  He  then 
describes  the  method  of  preparing  oxygen  by  heating 
the  red  oxide  of  mercury,  and  compares  its  properties 
with  those  of  fixed  air.  There  is,  however,  no  mention 
of  Priestley,  nor  any  reference  to  his  experiments.  It 
can  hardly  be  doubted  than  in  this  memoir  Lavoisier  in¬ 
tended  his  readers  to  believe  that  he  was  “the  true  and 
first  discoverer  ”  of  the  gas  which  he  afterwards  named 
oxygen.  This  is  borne  out  by  certain  passages  in  his 
subsequent  memoir  “  On  the  Existence  of  Air  in  Nitrous 
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Acid  ;  hi  le  20  avril,  1776,  remis  en  decembre  1777.”  He 
had  occasion  incidentally  to  prepare  the  red  oxide  of 
mercury  by  calcining  the  nitrate,  and  says  that  he  ob¬ 
tained  from  it  a  large  quantity  of  an  air  “  much  purer 
than  common  air,  in  which  candles  burnt  with  a  much 
larger,  broader,  and  more  brilliant  flame,  and  which  in  no 
one  of  its  properties  differed  from  that  which  I  had  ob¬ 
tained  from  the  calx  of  mercury,  known  as  mercurius 
precipitatus  per  se,  and  which  Mr.  Priestley  had  procured 
from  a  great  number  of  substances  by  treating  them  with 
nitric  acid.” 

In  another  part  of  this  memoir  he  says  that  “  perhaps, 
striddy  speaking,  there  is  nothing  in  it  of  which  Mr. 
Priestley  would  not  be  able  to  claim  the  original  idea ; 
but  as  the  same  fads  have  conducted  us  to  diametric¬ 
ally  opposite  results,  I  trust  that,  if  I  am  reproached  for 
having  borrowed  my  proofs  from  the  works  of  this  cele¬ 
brated  philosopher,  my  right  at  least  to  the  conclusions 
will  not  be  contested.”  M.  Berthelot  remarks  on  the 
irony  of  this  passage :  we  may  infer  from  it  that  the 
friends  of  the  English  chemist  had  not  been  altogether 
idle.  In  his  memoir  “  On  the  Respiration  of  Animals,” 
read  to  the  Academy  in  1777,  he  again  appears  to  admit 
the  claim  of  Priestley  to  at  least  a  share  in  the  discovery. 
“  It  is  known  from  Mr.  Priestley’s  and  my  experiments 
that  mercurius  precipitatus  per  se  is  nothing  but  a  com¬ 
bination,”  &c.  In  several  subsequent  communications 
Priestley’s  name  is  mentioned  in  very  much  the  same 
connection,  until  we  come  to  the  classical  memoir  11  On 
the  Nature  of  the  Acids,”  when  it  is  said: — “I  shall 
henceforth  designate  the  dephlogisticated  air,  or  the 
eminently  respirable  air  .  .  .  by  the  name  of  the  acidifying 
principle ,  or,  if  it  is  preferred  to  have  the  same  significa¬ 
tion  under  a  Greek  word,  by  that  of  the  “  principe 
oxygine.” 

In  none  of  the  memoirs  after  that  of  Easter  1775  is  the 
claim  for  participation  more  than  implied  ;  it  is  made 
explicitly  for  the  first  time  in  the  paper  “  On  a  Method  of 
Increasing  the  Adion  of  Fire,”  printed  in  the  Memoires 
de  VAcademie  for  1782,  and  in  these  words : — “  It  will  be 
remembered  that  at  the  meeting  of  Easter  1775,  I 
announced  the  discovery,  which  I  had  made  some  months 
before  with  M.  Trudaine,*  in  the  laboratory  of  Montigny, 
of  a  new  kind  of  air,  up  to  then  absolutely  unknown,  and 
which  we  obtained  by  the  redudion  of  mercurius  precipi¬ 
tatus  per  se.  This  air,  which  Mr.  Priestley  discovered  at 
very  nearly  the  same  time  as  I,  and  I  believe  even  before 
me,  and  which  he  had  procured  mainly  from  the  combina¬ 
tion  of  minium  and  of  several  other  substances  with  nitric 
acid,  has  been  named  by  him  dephlogisticated  air." 

In  the  “  Traite  Elementaire  de  Chimie  ”  the  claim  for 
participation  is  again  asserted  in  these  words  : — “This 
air,  which  Mr.  Priestley,  Mr.  Scheele,  and  I  discovered  at 
about  the  same  time  .  .  .  ,  ” 

Now  there  is  no  question  that  Lavoisier  knew  of  the 
existence  of  oxygen  some  months  before  he  made  the  ex¬ 
periments  with  the  burning  glass  of  M.  Trudaine  at 
Montigny  for  the  simple  reason  that  Priestley  had  already 
told  him  of  it.  Priestley  left  Leeds  in  1773,  to  become 
the  librarian  and  literary  companion  of  Lord  Shelburne, 
and  in  the  autumn  of  1774  he  accompanied  his  lordship 
on  to  the  Continent,  and  spent  the  month  of  Odober  in 
Paris.  Lavoisier  was  famous  for  his  hospitality;  his 
dinners  were  celebrated ;  and  Priestley,  in  common  with 
every  foreign  savant  of  note  who  visited  Paris  at  that 
period,  was  a  welcome  guest.  What  followed  is  best  told 
in  Priestley’s  own  words.  “Having  made  the  discovery 
[of  o«ygen]  some  time  before  I  was  in  Paris,  in  the  year 
1774,  I  mentioned  it  at  the  table  of  Mr.  Lavoisier,  when 
most  of  the  philosophical  people  of  the  city  were  present, 
saying  that  it  was  a  kind  of  air  in  which  a  candle  burnt 
much  better  than  in  common  air,  but  I  had  not  then  given 
it  any  name.  At  this  all  the  company,  and  Mr.  and  Mrs. 
Lavoisier  as  much  as  any,  expressed  great  surprise.  I 
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told  them  I  had  gotten  it  horn  precipitate  per  se  and  also 
from  red  lead.  Speaking  French  very  imperfedly,  and 
being  little  acquainted  with  the  terms  of  chemistry,  I  said 
plombe  rouge ,  which  was  not  understood  until  Mr. 
Macquer  said  I  must  mean  minium.’’ 

In  his  account  of  his  own  work  on  dephlogisticated  air, 
given  in  his  “  Observations,”  & c.,  1790  edition,  he  further 
says  (vol.  ii.,  p.  108) : — “  Being  at  Paris  in  the  Odober 
following  [the  August  of  1774],  and  knowing  that  there 
were  several  very  eminent  chemists  in  that  place,  I  did 
not  omit  the  opportunity,  by  means  of  my  friend  Mr. 
Magellan,*  to  get  an  ounce  of  mercurius  calcinatus  pre¬ 
pared  by  Mr.  Cadet,  of  the  genuineness  of  which  there 
could  not  possibly  be  any  suspicion  ;  and,  at  the  same 
time,  I  frequently  mentioned  my  surprise  at  the  kind  of 
air  which  I  had  got  from  this  preparation  to  Mr.  Lavoisier, 
Mr.  le  Roy,  and  several  other  philosophers,  who  honoured 
me  with  their  notice  in  that  city,  and  who,  I  dare  say, 
cannot  fail  to  recoiled  the  circumstance.” 

If  any  further  evidence  is  required  to  prove  that 
Lavoisier  was  not  only  not  “  the  true  and  first  dis¬ 
coverer”  of  oxygen,  but  that  he  has  absolutely  no  claim 
to  be  regarded  even  as  a  later  and  independent  discoverer, 
it  is  supplied  by  M.  Berthelot  himself.  Not  the  least 
valuable  portion  of  M.  Berthelot’s  book,  as  an  historical 
work,  is  that  which  he  devotes  to  the  analysis  of  the 
thirteen  laboratory  journals  of  Lavoisier,  which  have  been 
deposited,  by  the  pious  care  of  M.  de  Chazelles,  his  heir, 
in  the  archives  of  the  Institute.  M.  Berthelot  has  given 
us  a  synopsis  of  the  contents  of  almost  every  page  of 
these  journals,  with  explanatory  remarks  and  dates 
when  these  could  be  ascertained.  As  he  well  says,  these 
journals  “  are  of  great  interest  because  they  inform  us  of 
Lavoisier’s  methods  of  work  and  of  the  diretdion  of  his 
mind — I  mean  the  successive  steps  in  the  evolution  ofhis 
private  thought.”  On  the  fly-leaf  of  the  third  journal  is 
written,  “  du  23  mars,  1774,  an  13  fevrier,  1776.”  From 
p.  30  we  glean  that  Lavoisier  visited  his  friend 
M,  Trudaine  at  Montigny  about  ten  days  after  his  con¬ 
versation  with  Priestley,  and  repeated  the  latter’s  experi¬ 
ments  on  the  marine  acid  and  alkaline  airs  (hydrochloric 
acid  gas  and  ammonia).  He  is  again  at  Montigny  some 
time  between  the  February  28  and  the  March  31,  1775, 
and  repeats,  not  only  Priestley’s  experiments  on  the  de¬ 
composition  of  mercuric  oxide,  presumably  by  means  of 
M.  Trudaine’s  famous  burning  glass,  but  also  his  observa¬ 
tions  on  the  character  of  the  gas.  The  fly  leaf  of  the 
fourth  journal  informs  us  that  it  extends  from  February 
x3>  I776,  to  March  3,  1778.  On  p.  1  is  an  account  of  ex¬ 
periments  made  February  13  on  “  precipite  per  se  chez 
M.  Baume,  in  which  the  disengaged  gas  is  spoken  of  as 
“  I'air  dephlogistique  de  M.  Prisley  ”  (sic).  Such  a  phrase 
in  a  private  note-book  is  absolutely  inconsistent  with  the 
idea  that  at  this  time  Lavoisier  considered  himself  as  an 
independent  discoverer  of  the  gas.  How  he  came  to  re¬ 
gard  himself  as  such  we  need  not  enquire.  Nor  is  it 
necessary  to  occupy  your  time  by  any  examination  of  the 
arguments  by  which  M.  Berthelot,  with  the  skill  of  a 
practised  advocate,  would  seem  to  identify  himself  with 
the  case  ofhis  client.  We  would  do  him  the  justice  of 
recognising  the  difficulty  of  his  position.  He  seeks  to 
discharge  an  obligation,  of  which  the  acknowledgment 
has  been  too  long  delayed.  The  Academie  des  Sciences 
a  year  ago  awoke  to  the  sense  of  its  debt  of  gratitude  to 
the  memory  of  the  man  who  had  laboured  so  zealously 
for  its  honour  and  even  for  its  existence,  during  the 
stormy  period  of  which  France  has  just  celebrated  the 
centenary,  and  out  of  the  eloge  on  Lavoisier  which  M. 
Berthelot,  as  Perpetual  Secretary,  was  commissioned  to 
deliver,  has  grown  La  Revolution  Chimique.  To  write 
eulogy,  however,  is  not  necessarily  to  write  history.  We 


*  Prof.  Grimaux  (Lavoisier,  p.  51),  says  :  “  Un  de  ses  [Lavoisier’s] 
amis  qui  habitait  Londres,  Magalhaens  ou  Magellan,  de  la  famille 
du  ceiebre  navigateur,  lui  en  voyait  tous  les  memoires  sur  les  sciences 
qui  paraissaient  en  Angleterre  et  le  tenait  au  courant  des  decouvertes 
de  Priestley.” 


*  M.  Trudaine  de  Montigny  died  in  1 777. 
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Cannot  but  think  that  M.  Berthelot  has  been  hampered  by 
his  position,  and  that  his  opinion,  or  at  least  the  free  ex¬ 
pression  of  it,  has  been  fettered  by  the  conditions  under 
which  he  has  written.  We  imagine  we  discern  between 
the  lines  the  consciousness  that,  to  use  Brougham’s 
phrase,  the  brightness  of  the  illustrious  career  which  he 
eulogises  is  dimmed  with  spots  which  a  regard  for 
historical  truth  will  not  permit  him  wholly  to  ignore. 

Two  cardinal  fadts  made  the  downfall  of  phlogiston 
complete — the  discovery  of  oxygen  and  the  determination 
of  the  compound  nature  of  water.  M.  Berthelot’s  con¬ 
tention  is  that,  not  only  did  Lavoisier  effedt  the  over¬ 
throw,  but  he  also  discovered  the  fadts.  In  other  words, 
he  has,  not  only  a  claim  to  a  participation  in  the  discovery 
of  oxygen,  but  he  is  also  “  the  true  and  first  discoverer” 
of  the  non-elementary  nature  of  water.  This  second 
claim  is  diredtly  and  explicitly  stated.  Although  it  is 
supported  by  a  certain  ingenuity  of  argument,  we  venture 
to  think  that  we  shall  be  able  to  show  that  it  has  no 
greater  foundation  in  reality  than  the  first. 

Members  of  the  British  Association,  who  are  at  all 
familiar  with  its  history,  will  recall  the  fadl  that  this  is 
not  the  first  occasion  on  which  the  attempt  to  transfer 
“  those  laurels  which  both  time  and  truth  have  fixed  upon 
the  brow  of  Cavendish  ”  has  had  to  be  resisted.  At  the 
Birmingham  Meeting  of  1839  the  Rev.  W.  Vernon  Har- 
court,  who  then  presided,  devoted  a  large  portion  of  his 
Address  to  an  able  and  eloquent  vindication  of  Cavendish’s 
rights.  The  attack  came  then  as  now  from  the  Perpetual 
Secretary  of  the  French  Academy,  and  the  charges  were 
also  formulated  then,  as  now,  in  an  eloge  read  before  that 
learned  body.  The  assailant  was  M.  Arago,  who  did 
battle,  not  for  his  countryman  Lavoisier,  whose  claims  are 
dismissed  as  “  pretensions,”  but  on  behalf  of  James  Watt, 
the  great  engineer,  who  was  one  of  the  foreign  members 
of  the  Institute. 

It  is  not  my  wish  to  trouble  you  at  any  length  with  the 
details  of  what  has  come  to  be  known  in  the  history  of 
scientific  discovery  as  the  Water  Controversy — a  contro¬ 
versy  which  has  exercised  the  minds  and  pens  of  Har- 
court,  Whewell,  Peacock,  and  Brougham  in  England  ;  of 
Brewster,  Jeffrey,  Muirhead,  and  Wilson  in  Scotland  ;  of 
Kopp  in  Germany  ;  and  of  Arago  and  Dumas  in  France. 
This  controversy,  it  has  been  said,  takes  its  place  in  the 
history  of  science  side  by  side  with  the  discussion  between 
Newton  and  Leibnitz  concerning  the  invention  of  the 
Differential  Calculus,  and  that  between  the  friends  of 
Adams  and  Leverrier  in  reference  to  the  discovery  of  the 
planet  Neptune.  Up  to  now  it  has  practically  turned  upon 
the  relative  merits  of  Cavendish  and  Watt.  M.  Berthelot 
is  the  first  French  savant  of  any  note  who  has  seriously 
put  forward  the  claims  of  Lavoisier,  his  countryman  and 
predecessor  Dumas  having  deliberately  rejected  them. 

At  the  risk  of  wearying  you  with  detail,  I  am  under  the 
necessity  of  re-stating  the  facts  in  order  to  make  the  posi¬ 
tion  clear.  Some  time  before  April  18,  1781,  Priestley 
made  what  he  called  “  a  random  experiment”  for  the 
entertainment  of  a  few  philosophical  friends.  It  consisted 
in  exploding  a  mixture  of  inflammable  air  (presumably 
hydrogen)  and  common  air,  contained  in  a  closed  glass 
vessel,  by  the  eleCtric  spark,  in  the  manner  first 
practised  by  Volta  in  1776.  The  experiment  was 
witnessed  by  Mr.  John  Warltire,  a  lecturer  on 
natural  philosophy  and  a  friend  of  Priestley,  who  had 
rendered  him  the  signal  service  of  giving  him  the  sample 
of  the  mercuric  oxide  from  which  he  had  first  obtained 
oxygen.  Warltire  drew  Priestley’s  attention  to  the  faCt 
that  after  the  explosion  the  sides  of  the  glass  vessel  were 
bedewed  with  moisture.  Neither  of  the  experimenters 
attached  any  importance  to  the  circumstance  at  the  time, 
Priestley  being  of  opinion  that  the  moisture  was  pre¬ 
existent  in  the  gases,  as  no  special  pains  were  taken  to 
dry  them.  Warltire,  however,  conceived  the  notion  that 
the  experiment  would  afford  the  means  of  determining 
whether  heat  was  ponderable  or  not,  and  hence  he  was 
led  to  repeat  it,  firing  the  mixture  in  a  copper  vessel  for 


greater  safety.  The  results  of  these  observations  are  con¬ 
tained  in  Priestley’s  “  Experiments  and  Observations  on 
Air,”  vol.  v.  1781,  App.  p.  395. 

At  this  period  Cavendish  was  engaged  on  a  series  of 
experiments  “made,  as  he  says,  principally  with  a  view 
to  find  out  the  cause  of  the  diminution  which  common  air 
is  well  known  to  suffer  by  all  the  various  ways  in  which 
it  is  phlogisticated,  and  to  discover  what  becomes  of  the 
air  thus  lost  or  condensed”  (Cavendish,  Phil.  Trans. 
1784,  p.  1 19).  On  the  publication  of  Priestley’s  work  he 
repeated  Warltire’s  experiment,  for,  he  says,  as  it 
“  seemed  likely  to  throw  great  light  on  the  subjedt  I  had 
in  view,  I  thought  it  well  worth  examining  more  closely.” 
The  series  of  experiments  which  Cavendish  was  thus  in¬ 
duced  to  make,  and  which  he  made  with  all  his  wonted 
skill  in  quantitative  work,  led  him  some  time  in  the  sum¬ 
mer  of  1781  to  the  discovery  that  a  mixture  of  two 
volumes  of  the  inflammable  air  from  metals  (the  gas  we 
now  call  hydrogen)  with  one  volume  of  the  dephlogisti- 
cated  air  of  Priestley  combine  together  under  the  influ¬ 
ence  of  the  eleflric  spark,  or  by  burning,  to  form  the  same 
weight  of  water.  If  Cavendish  had  published  the  results 
of  these  observations  at  or  near  the  time  he  obtained 
them,  there  would  have  been  no  Water  Controversy.  But 
in  the  course  of  the  trials  he  found  that  the  condensed 
water  was  sometimes  acid,  and  the  search  for  the  cause  of 
the  acidity  (which  incidentally  led  to  the  discovery  of  the 
composition  of  nitric  acid)  occasioned  the  delay.  The 
main  result  that  a  mixture  of  two  volumes  of  inflammable 
air  and  one  volume  of  dephlogisticated  air  could  be  con¬ 
verted  intothe  same  weight  of  water  was,  however,  com¬ 
municated  to  Priestley,  as  he  relates  in  a  paper  in  the 
Phil.  Trans,  for  1783.  Priestley  was  at  this  time  inte¬ 
rested  in  an  investigation  on  the  seeming  convertibility  of 
water  into  air,  and  he  was  led  to  repeat  Cavendish’s  ex¬ 
periments,  some  time  in  March  1783,  on  what  was  appa¬ 
rently  the  converse  problem.  Priestley,  however,  made  a 
fatal  blunder  in  the  repetition.  With  the  praiseworthy 
idea  of  obviating  the  possibility  of  any  moisture  in  the 
gases,  he  prepared  the  dephlogisticated  air  from  nitre,  and 
the  inflammable  air  by  heating  what  he  calls  “  perfe&ly 
made  charcoal  ”  in  an  earthenware  retort.  At  this  time, 
it  must  be  remembered,  there  was  no  sharp  distinction 
between  the  various  kinds  of  inflammable  air  :  hydrogen, 
sulphuretted  hydrogen,  marsh  gas  and  olefiant  gas,  coal 
gas,  the  vapours  of  ether  and  turpentine,  and  the  gas  from 
heated  charcoal,  consisting  of  a  mixture  of  carbonic  oxide, 
marsh  gas,  and  carbonic  acid,  were  indifferently  termed 
“  inflammable  air.”  Priestley  attempted  to  verify  Caven¬ 
dish’s  conclusion  on  the  identity  of  the  weight  of  the 
gases  used  with  that  of  the  water  formed  ;  but  his  method 
in  this  respedt,  as  in  his  choice  of  the  inflammable  air,  was 
wholly  defective,  and  could  not  possibly  have  given  him 
accurate  results.  It  consisted  in  wiping  out  the  water 
from  the  explosion  vessel  by  means  of  a  weighed  piece  of 
blotting-paper  and  determining  the  increase  of  weight  of 
the  paper.  He  says,  however,  “  I  always  found,  as  near 
as  I  could  judge,  the  weight  of  the  decomposed  air  in  the 
moisture  acquired  by  the  paper.  ...  I  wished,  how¬ 
ever,  to  have  had  a  nicer  balance  for  this  purpose;  the 
result  was  such  as  to  afford  a  strong  presumption  that  the 
air  was  reconverted  into  water,  and  therefore  that  the 
origin  of  it  had  been  w'ater.”  These  results,  together  with 
those  on  the  conversion  of  water  into  air,  were  communi¬ 
cated  towards  the  end  of  March,  1783,  by  Priestley  to 
Watt,  who  began  to  theorise  upon  them,  and  then  to  put 
his  thoughts  together  in  the  form  of  a  letter  to  Priestley, 
dated  April  26,  1783,  and  which  he  requested  might  be 
read  to  the  Royal  Society  on  the  occasion  of  the  presen¬ 
tation  of  Priestley’s  memoir.  In  this  letter  Watt  says  : — 
“  Let  us  now  consider  what  obviously  happens  in  the  case 
of  the  deflagration  of  the  inflammable  and  dephlogisticated 
air.  These  two  kinds  of  air  unite  with  violence,  they 
become  red-hot,  and  upon  cooling  totally  disappear.  When 
the  vessel  is  cooled,  a  quantity  of  water  is  found  in  it 
equal  to  the  weight  of  the  air  employed.  This  water  is 
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then  the  only  remaining  product  of  the  process,  and  water , 
light,  and  heat  are  all  the  produ&s.  Arc  we  not  then 
authorised  to  conclude  that  water  is  composed  of  dephlo- 
gisticated  air  and  phlogiston  deprived  of  part  of  their 
latent  or  elementary  heat ;  that  dephlogisticated  or  pure 
air  ts  composed  of  water  deprived  of  its  phlogiston  and 
united  to  elementary  heat  and  light,  &c.  ?" 

This  letter,  although  shown  to  several  Fellows  of  the 
Society,  was  not  publicly  read  at  the  time  intended. 
Priestley,  before  its  receipt,  had  detected  the  fallacy  of 
his  experiments  on  the  seeming  conversion  of  water  into 
air,  and  as  much  of  the  letter  was  concerned  with  this 
matter  Watt  requested  that  it  should  be  withdrawn. 
Watt,  however,  as  he  tells  Black*  in  a  letter  dated  June 
23,  1783,  had  not  given  up  his  theory  as  to  the  nature  of 
water,  and  on  November  26,  1783,  he  re-stated  his  views 
more  fully  in  a  letter  to  De  Luc.  In  the  meantime  Caven¬ 
dish,  having  completed  one  sedition  of  his  investigation, 
sent  in  a  memoir  to  the  Royal  Society,  which  was  read 
on  January  15,  1784,  in  which  he  gives  an  account  of  his 
experiments  and  announces  his  conclusion  “  that  dephlo- 
gisticated  air  is  in  reality  nothing  but  dephlogisticated 
water,  or  water  deprived  of  its  phlogiston ;  or,  in  other 
words,  that  water  consists  of  dephlogisticated  air  united 
to  phlogiston  ;  and  that  inflammable  air  is  either  pure 
phlogiston,  as  Dr.  Priestley  and  Mr.  Kirwan  suppose,  or 
else  water  united  to  phlogiston.”  Watt  thereupon  re¬ 
quested  that  his  letter  to  De  Luc  should  be  published,  and 
it  was  accordingly  read  to  the  Royal  Society  on  April  29, 
1784.  Which  of  the  two — Cavendish  or  Watt — is,  under 
these  circumstances,  to  be  considered  as  “  the  true  and 
first  discoverer”  of  the  compound  nature  of  water  is  the 
question  which  has  been  hitherto  the  main  subject  of  the 
water  controversy. 

Let  us  now  consider  the  matter  as  it  affedts  Lavoisier. 
In  1783  Lavoisier  had  publicly  declared  against  the  doc¬ 
trine  of  phlogiston,  or  rather,  as  M.  Dumas  puts  it, 

“  against  the  crowd  of  entities  of  that  name  which  had  no 
quality  in  common  except  that  of  being  intangible  by 
every  known  method.”  (“  Lecons  sur  la  Philosophic 
Chimique,”  p.  161).  How  completely  Lavoisier  had  dis¬ 
sociated  himself  from  the  theory  may  be  gleaned  from  his 
memoir  of  that  year.  “  Chemists,”  he  says,  11  have  made 
a  vague  principle  of  phlogiston  which  is  not  strictly  de¬ 
fined,  and  which  in  consequence  accommodates  itself  to 
every  explanation  into  which  it  is  pressed.  Sometimes 
this  principle  is  heavy  and  sometimes  it  is  not ;  some¬ 
times  it  is  free  fire  and  sometimes  it  is  fire  combined  with 
the  earthy  element ;  sometimes  it  passes  through  the  j 
pores  of  vessels  and  sometimes  they  are  impenetrable  to  ' 
t :  it  explains  at  once  causticity  and  non-causticity,  1 
transparency  and  opacity,  colours  and  the  absence  of 
colours.  It  is  a  veritable  Proteus  which  changes  its  form 
every  moment.” 

But  Lavoisier  had  merely  renounced  one  fetich  for 
another.  At  the  time  that  he  penned  these  lines  he  was 
as  much  under  the  thraldom  of  le  principe  oxygine  as 
the  most  devoted  follower  of  Stahl  was  in  the  bondage  of 
phlogiston.  The  idea  that  the  calcination  of  metals  was 
but  a  slow  combustion  had  been  fully  recognised.  M. 
Berthelot  tells  us  that  as  far  back  as  the  March  of  1774  1 
Lavoisier  had  written  in  his  laboratory  journal  : — “  I  am 
persuaded  that  the  inflammation  of  inflammable  air  is 
nothing  but  a  fixation  of  a  portion  of  the  atmospheric  air, 
a  decomposition  of  air.  ...  In  that  case  in  every  in¬ 
flammation  of  air  there  ought  to  be  an  increase  of  weight,” 
and  he  tried  to  ascertain  this  by  burning  hydrogen  at  the 
mouth  of  a  vessel  from  which  it  was  being  disengaged. 
In  the  following  year  he  asks,  what  remains  when  in¬ 
flammable  air  is  burnt  completely  ?  According  to  the 
theory  by  which  he  is  now  swayed  it  should  be  an  acid,  and 
he  made  many  attempts  to  capture  this  acid.  In  1777  he 
and  Bucquet  burnt  six  pints  of  the  inflammab  e  air  from 
metals  in  a  bottle  containing  lime-water,  in  the  expeCta¬ 


*  Watt,  Correspondence,  p.  31, 


tion  that  fixed  air  would  be  the  result.  And,  in  1781,  he 
repeated  the  experiment  with  Gengembre,  with  the  modi¬ 
fication  that  the  oxygen  was  caused  to  burn  in  an  atmo¬ 
sphere  of  hydrogen,  but  not  a  trace  of  any  acid  product 
could  be  detected.  Of  course  there  must  have  been  con¬ 
siderable  quantities  of  water  formed  in  these  experiments, 
but  Lavoisier  was  pre  occupied  with  the  conviction  that 
ox  dation  meant  acidification,  and  its  presence  was  un¬ 
noticed,  or,  if  noticed,  was  unheeded.  Macquer,  in  1776, 
had  drawn  attention  to  the  formation  of  water  during  the 
combustion  of  hydrogen  in  air,  but  Lavoisier  had  stated 
that  he  was  ignorant  of  that  observation.  What  was  it, 
then,  that  put  him  on  the  right  track?  We  venture  to 
think  that  M.  Berthelot  has  himself  supplied  the  answer. 
He  says  (p.  114)  “rumours  of  Cavendish’s  trials  had 
spread  throughout  the  scientific  world  during  the  spring 
of  1783.  .  .  .  Lavoisier,  always  on  the  alert  as  to  the 
nature  of  the  products  of  the  combustion  of  hydrogen, 
was  now  in  such  position  that  the  slightest  hint  would 
enable  him  to  comprehend  its  true  nature.  He  hastened 
to  repeat  his  trials,  as  he  had  the  right  to  do,  never 
having  ceased  to  occupy7  himself  with  a  question  which 
lay  at  the  very  heart  of  his  doctrine  ” 

“  On  the  24th  of  June,  1783,”  continues  M.  Berthelot, 
“  he  repeated  the  combustion  of  hydrogen  in  oxygen,  and 
he  obtained  a  notable  quantity  of  water  without  any 
other  product,  and  he  concluded  from  the  conditions 
under  which  he  had  worked  that  the  weight  of  the  water 
formed  could  not  be  other  than  equal  to  that  of  the  two 
gases  which  had  formed  it.  The  experiment  was  made 
in  the  presence  of  several  men  of  science,  among  whom 
was  Blagden,  a  member  of  the  Royal  Society  of  London, 
who  on  this  occasion  recalled  the  observations  of 
Cavendish  (qui  rappela  d  cette  occasion  les  observations  de 
Cavendish)." 

On  the  following  day  Lavoisier  published  his  results. 
The  following  is  the  official  minute  of  the  communication 
taken  from  the  register  of  the  sittings  of  the  Academie 
des  Sciences  : — 

Meeting  of  W ednesday ,  June  25,  1783. 

MM.  Lavoisier  and  De  Laplace  announced  that  they  had 
lately  repeated  the  combustion  of  Combustible  Air  with 
Dephlogisticated  Air  ;  they  worked  with  about  60  pints  of 
the  airs,  and  the  combustion  was  made  in  a  closed  vessel  : 
the  result  was  very  pure  water. 

The  cautious  scribe  who  penned  that  minute  did  not 
commit  himself  too  far.  M.  Berthelot,  however,  regards 
it  as  the  first  certain  date  of  publication,  established  by 
authentic  documents,  in  the  history  of  the  discovery  of 
the  composition  of  water,  “  a  discovery,”  he  adds, 
“  which,  on  account  of  its  importance,  has  excited  the 
keenest  discussion.” 

You  will  search  in  vain  through  the  laboratory  journals 
as  given  by  M.  Berthelot,  for  any  indications  either  of 
experiments  or  reflections  which  would  enable  y7ou  to 
trace  the  course  of  thought  by  which  Lavoisier  was  guided 
to  the  truth.  There  is  absolutely  nothing  on  the  subject 
until  in  the  eighth  volume  (25  mars,  17S3 ,au  fevrier  1784), 
and  on  p.  63  we  come  to  the  experiment  of  June  24,  and 
we  read: — “  In  presence  of  Messieurs  Blagden,  of  [name 
illegible],  de  Laplace,  Vandermonde,  de  Fourcroy, 
Meusnier,  and  Legendre,  we  have  combined  in  a  bell-jar 
dephlogisticated  air  and  inflammable  air  drawn  from  iron 
by  means  of  sulphuric  acid,  &c.  .  .  .  The  amount  of 
water  may  be  estimated  at  3  drachms :  the  amount 
which  should  have  been  obtained  was  1  ounce  1  drachm 
and  12  grains.  Thus  we  must  suppose  that  there  was  a 
loss  of  two-thirds  of  the  amount  of  the  air  or  that  there 
has  been  a  loss  of  weight. 

And  this  is  the  experiment  which,  according  to  M.  Ber¬ 
thelot,  enabled  Lavoisier  to  conclude  that  “  the  weight  of 
the  water  formed  could  not  be  other  than  equal  to  that  of 
the  two  gases  which  had  formed  it  !  ”  It  is  on  this  single 
experiment,  hurriedly  and  imperfectly  done,  that 
Lavoisier’s  claim  to  the  discovery  of  the  compound 
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nature  of  water  is  based  !  M.  Berthelot  obje&s  to  the 
assumption  that  it  was  hurriedly  done.  He  says,  on 
p.  114 : — “■  Lavoisier  caused  a  new  apparatus  to  be  made, 
with  a  couple  of  tubes  and  two  reservoirs  for  the  gases,  an 
arrangement  which  would  require  a  certain  amount  of 
time  to  put  together;  this  circumstance  proves  that  it 
could  not  have  been  an  improvised  trial.”  To  what  ex¬ 
tent  it  was  improvised  will  be  seen  immediately. 

Now,  although  the  laboratory  journals  do  not  in  this 
case  “  inform  us  of  Lavoisier’s  methods,  and  of  the 
direction  of  his  mind  .  .  .  the  successive  steps  in  the 
evolution  of  his  private  thought,”  we  have  other  means 
of  ascertaining  how  he  arrived  at  his  knowledge.  The 
method  was  simplicity  itself :  he  was  told  of  the  fact, 
and  his  informant  was  none  other  than  Cavendish's 
assistant,  Blagden. 

Cavendish’s  memoir  was  published  in  1784.  Before  it 
was  struck  off  its  author  caused  the  following  addition 
to  be  made  : — “  During  the  last  summer  also  a  friend  of 
mine  gave  some  account  of  them  [the  experiments]  to 
M.  Lavoisier,  as  well  as  of  the  conclusion  drawn  irom 
them,  that  dephlogisticated  air  is  only  water  deprived  of 
phlogiston  ;  but  at  that  time  so  far  was  M.  Lavoisier 
from  thinking  any  such  opinion  warranted  that,  till  he 
was  prevailed  upon  to  repeat  the  experiment  himself,  he 
found  some  difficulty  in  believing  that  nearly  the  whole 
of  the  two  airs  could  be  converted  into  water.”  This 
addition,  as  I  have  had  the  opportunity  of  verifying  by  an 
inspedtion  of  the  original  MSS.  in  the  archives  of  the 
Royal  Society,  was  made  in  the  handwriting  of  Caven¬ 
dish’s  assistant  and  amanuensis,  Blagden. 

When  Lavoisier’s  memoir  appeared  it  was  found  to 
contain  the  following  reference  to  this  circumstance  : — 
“  It  was  on  the  24th  of  June  that  M.  de  Laplace  and  I 
made  this  experiment  in  presence  of  MM.  le  Roi, 
Vandermonde,  and  several  other  Academicians,  and  of  Mr. 
Blagden,  the  present  Secretary  of  the  Royal  Society  of 
London.  The  latter  informed  us  ( ce  dernier  nons  apprit) 
that  Mr.  Cavendish  had  already  tried,  in  London,  to 
burn  inflammable  air  in  closed  vessels,  and  that  he  had 
obtained  a  very  sensible  quantity  of  water.” 

This  reference  was  so  partial,  and  its  meaning  so  am¬ 
biguous,  that  Blagden  addressed  the  following  letter  to 
Crell  to  be  published  in  his  “  Chemische  Annalen  ” 
(Crell’s  “  Annalen,”  1786,  vol.  i.,  p.  58). 

It  is  so  direct  and  conclusive  that  I  offer  no  apology 
for  giving  it  almost  entire  : — * 

“  I  can  certainly  give  you  the  best  account  of  the  little 
dispute  about  the  first  discoverer  of  the  artificial  gertia- 
tion  of  water,  as  I  was  the  principal  instrument  tt  1  .ugh 
which  the  first  news  of  the  discovery  that  had  been 
already  made  was  communicated  to  Mr.  Lavoisier.  The 
following  is  a  short  statement  of  the  history  : — 

“  In  the  spring  of  1783  Mr.  Cavendish  communicated  to 
me,  and  other  members  of  the  Royal  Society,  his  par¬ 
ticular  friends,  the  result  of  some  experiments  with  which 
he  had  for  a  long  time  been  occupied.  He  showed  us 
that  out  of  them  he  must  draw  the  conclusion 
that  dephlogisticated  air  was  nothing  else  than 
water  deprived  of  its  phlogiston ;  and,  vice  versa, 
that  water  was  dephlogisticated  air  united  with 
phlogiston.  About  the  same  time  the  news  was  brought 
to  London  that  Mr.  Watt,  of  Birmingham,  had  been 
induced  by  some  observations  to  form  a  similar  opinion. 
Soon  after  this  I  went  to  Paris,  and  in  the  company  of 
Mr.  Lavoisier  and  of  some  other  members  of  the  Royal 
Academy  of  Sciences  I  gave  some  account  of  these  new 
experiments  and  of  the  opinions  founded  upon  them. 
They  replied  that  they  had  already  heard  something  of 
these  experiments,  and  particularly  that  Dr.  Priestley 
had  repeated  them.  They  did  not  doubt  that  in  such 
manner  a  considerable  quantity  of  water  might  be  ob¬ 
tained,  but  they  felt  convinced  that  it  did  not  come  near 

*  Mr.  Muirhead’s  translation.  Vide  Watt,  Correspondence, 
“  Composition  of  Water,”  p.  71. 


to  the  weight  of  the  two  species  of  air  employed,  on 
which  account  it  was  not  to  be  regarded  as  water  formed 
or  produced  out  of  the  two  kinds  of  air,  but  was  already 
contained  in  and  united  with  the  airs,  and  deposited  in 
their  combustion.  This  opinion  was  held  by  Mr. 
Lavoisier,  as  well  as  by  the  rest  of  the  gentlemen  who 
conferred  on  the  subjedt;  but,  as  the  experiment  itself 
appeared  to  them  very  remarkable  in  all  points  of  view, 
they  unanimously  requested  Mr.  Lavoisier,  who  possessed 
all  the  necessary  preparations,  to  repeat  the  experiment 
on  a  somewhat  larger  scale  as  early  as  possible.  This 
desire  he  complied  with  on  the  24th  June,  1783  (as  he 
relates  in  the  latest  volume  of  the  Paris  memoirs).  From 
Mr.  Lavoisier’s  own  account  of  his  experiment  it  suffi¬ 
ciently  appears  that  at  that  period  he  had  not  yet  formed 
the  opinion  that  water  was  composed  of  dephlogisticated 
and  inflammable  airs,  for  he  expe&ed  that  a  sort  of  acid 
would  be  produced  by  their  union.  In  general,  Mr. 
Lavoisier  cannot  be  convidted  of  having  advanced  any¬ 
thing  contrary  to  truth  :  but  it  can  still  less  be  denied 
that  he  concealed  a  part  of  the  truth  ;  for  he  should  have 
acknowledged  that  I  had,  some  days  before,  apprised  him 
of  Mr.  Cavendish’s  experiments,  instead  of  which  the 
expression  ‘  il  nous  apprit  ’  gives  rise  to  the  idea  that  I 
had  not  informed  him  earlier  than  that  very  day.  In  like 
manner  Mr.  Lavoisier  has  passed  over  a  very  remarkable 
circumstance,  namely,  that  the  experiment  was  made  in 
consequence  of  what  I  had  informed  him  of.  He  should 
likewise  have  stated  in  his  publication  not  only  that  Mr. 
Cavendish  had  obtained  ‘  une  quantite  d’eau  ties  sensible,’ 
but  that  the  water  was  equal  to  the  weight  of  the  two  airs 
added  together.  Moreover,  he  should  have  added  that  I 
had  made  him  acquainted  with  Messrs.  Cavendish  and 
Watt’s  conclusions,  namely,  that  water,  and  not  an  acid, 
or  any  other  substance,  arose  from  the  combustion  of  the 
inflammable  and  dephlogisticated  airs.  But  those  con¬ 
clusions  opened  the  way  to  Mr.  Lavoisier’s  present  theory, 
which  perfectly  agrees  with  that  of  Mr.  Cavendish,  only 
that  Mr.  Lavoisier  accommodates  it  to  his  old  theory, 
which  banishes  phlogiston.  .  .  .  The  course  of  all  this 
history  will  clearly  convince  you  that  Mr.  Lavoisier 
(instead  of  being  led  to  the  discovery  by  following  up  the 
experiments  which  he  and  Mr.  Bucquet  had  commenced  in 
1777)  was  induced  to  institute  again  such  experiments, 
solel}'  by  the  account  he  received  from  me,  and  of  our 
English  experiments ;  and  that  he  really  discovered 
nothing  but  what  had  before  been  pointed  out  to  him  to 
have  been  previously  made  out  and  demonstrated  in 
England.” 

To  this  letter,  reflecting  so  gravely  on  his  honour  and 
integrity,  Lavoisier  made  no  reply.  Nor  did  Laplace, 
Le  Roi,  Vandermonde,  or  any  one  of  the  Academicians 
concerned  vouchsafe  any  explanation.  De  non  apparentibus 
et  de  non  existentibus  eadan  ratio.  No  explanation  ap¬ 
peared  because  none  was  possible.  M.  Berthelot  ignores 
this  letter,  which  is  the  more  remarkable,  since  reference 
is  made  to  it  in  more  than  one  of  the  publications  which 
he  tells  us  he  has  consulted  in  the  preparation  of  his 
account  of  the  Water  Controversy.  If  he  knew  of  it  he 
must  regard  it  either  as  unworthy  of  an  answer  or  as  un¬ 
answerable. 

It  would  be  heaping  Ossa  on  Pelion  to  adduce  furthe 
evidence  from  letters  of  the  time  of  what  Lavoisier’s 
contemporaries  thought  of  his  claims.  D e  mortuis  nil  nisi 
bonutn.  I  would  much  more  willingly  have  dwelt  upon 
the  virtues  of  Lavoisier,  and  have  let  his  faults  lie  gently 
on  him ;  but  I  have  felt  it  incumbent  on  me  on  this 
occasion  to  make  some  public  answer  to  M.  Berthelot’s 
book,  and  in  no  place  could  that  answer  be  more  fittingly 
given  than  in  this  town,  which  saw  the  dawn  of  that 
work  out  of  which  these  grand  discoveries  arose.  It  may 
be  that  much  of  what  I  have  had  to  say  is  as  a  twice- 
told  tale  to  many  of  you.  I  trust  I  need  make  no  apology 
on  that  account.  The  honour  of  our  ancestors  is  in  our 
keeping,  and  we  should  be  unworthy  of  our  heritage  and 
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false  to  our  trust  if  we  were  slow  to  resent  or  slack  to 
repel  any  attempt  to  rob  them  of  that  glory  which  is 
their  just  right  and  our  proud  boast. 


EXAMINATION  OF  OILS,  FATS,  AND  ALLIED 
SUBSTANCES. 

By  THOMAS  T.  P.  BRUCE  WARREN. 

In  ascertaining  the  composition  of  a  mixture  of  oils,  I 
was  guided,  in  my  earlier  experiments,  by  the  condition 
of  the  products  resulting  from  the  treatment  with  sulphur 
chloride,  and  whilst  it  is  quite  possible  to  obtain  a  fair 
idea  of  what  oils  are  present  in  a  mixture,  the  products 
themselves  give  no  definite  information  of  the  probable 
quantities ;  the  Hubl  reagent  was  worked  on  to  supply  this. 
The  iodine  absorption  of  the  original  oil  or  mixture  is 
taken  and  also  that  of  the  soluble  portion  of  the  magma 
by  sulphur  chloride,  the  same  quantities  being  used  in 
each  case.  The  iodine  absorption  is  calculated,  first,  for 
the  total  weight  equal  to  that  of  the  original  oil,  and, 
secondly,  for  the  corresponding  weight  obtained  from  a 
definite  quantity  of  the  original  oil ;  this  latter  I  shall  refer 
to  as  the  corrected  iodine  absorption  of  the  soluble  extradt 
from  the  magma. 

I  prepare  and  use  the  Hubl  reagent  in  the  following 
way.  50  grms.  pure  re-sublimed  iodine  is  dissolved  in 
alcohol,  sp.  gr.  795  at  6o°  F.,  and  made  up  to  500  c.c.  60 
grms.  mercuric  chloride,  in  powder,  dissolved  in  another 
portion  of  the  same  spirit,  is  filtered,  and  the  spirit  wash¬ 
ings  of  the  filter  added  to  make  up  500  c.c,;  these  solutions 
are  kept  separately  in  a  cool,  dark  cupboard.  When 
required  equal  parts  of  these  solutions  are  mixed  together 
just  before  being  used,  sufficient  for  the  samples,  &c.,  to 
be  tested.  The  advantage  of  this  is  evident  when  only 
30  or  40  c.c.  Hubl  is  wanted,  and,  perhaps,  in  a  hurry. 
The  Hubl  is  standardised  in  the  ordinary  way  with 
sodium  thiosulphate,  which  is  previously  adjusted  with 
pure  and  dry  re-sublimed  iodine. 

The  oil,  & c.,  after  digesting  for  the  required  time  with 
the  reagent  and  chloroform,  is  emptied  into  a  stout  glass 
and  the  flask  rinsed  out  with  10  c.c.  of  a  xo  per  cent 
solution  of  KI  and  40  c.c.  water.  It  is  again  rinsed  out 
with  100  c.c.  water  in  two  separate  portions.  During 
titration  the  whole  is  kept  well  stirred  with  an  ebonite 
rod,  so  as  to  avoid  scratching  the  glass.  If  mercuric 
iodide  is  precipitated  on  dilution,  it  is  best  to  add  KI  in 
crystals  rather  than  solution. 

The  sulphur  chloride  is  prepared  by  distilling  the  com¬ 
mercial  yellow  chloride  and  collecting  the  portion  coming 
over  about  284°  F.;  the  portion  coming  over  under  284° 
may  be  digested  with  an  excess  of  S,  and  distilling  again 
when  required.  If  the  dark  chloride  only  is  available  it 
should  be  digested  with  S  for  some  time  in  a  warm 
place  before  distilling.  The  prepared  chloride  may  be 
kept  for  some  time  mixed  with  an  equal  volume  of  CS2 
in  a  stoppered  bottle,  the  neck  of  which  should  be  kept 
clean,  so  as  to  prevent  the  stopper  getting  fixed.  The 
quantity  required  should  be  taken  out  with  a  fine  pipette. 

T.  he  bulk  of  chloride  may  be  kept  in  a  bottle  well  closed 
with  a  piece  of  paraffined  merino  or  cotton,  or  an  ordinary 
cork  well  soaked  in  paraffin  may  be  used ;  however  pre¬ 
served  it  should  be  occasionally  looked  to  and  kept  in  a 
cool  place. 

1  he  details  of  the  process  for  using  the  chloride  have 
already  appeared  in  this  journal. 

If  two  oils  be  mixed  together  and  we  know  the  iodine 
absorption  of  each  oil  and  of  the  mixture,  a  simple  calcu¬ 
lation  will  enable  us  to  tell  how  much  of  each  oil  is 
present  in  the  mixture. 

A  mixture  of  olive  oil  and  sesame  oil  is  found  to  have 
an  iodine  absorption —  Q6  4  per  cent.  Olive  oil  =  84'5  per 
cent,  and  sesame  oil  =  106  per  cent.  If  we  divide  the 
iodine  absorption  of  the  mixture  (96-4)  into  two  parts,  pro¬ 


portional  to  the  iodide  absorption  of  olive  oil  (84*5 )  and 
sesame  oil  (106),  we  obtain  the  proportional  quantities  of 
iodine  absorbed  by  each  oil  contained  in  the  mixture  : — 

96-4 

84-5  +  106  X  °4’5=42'3  absorption  due  to  olive  oil 

,,  X  106  =  53-6  ,,  ,,  sesame  oil 

In  the  same  way,  if  we  have  obtained  a  fair  clue  of  what 
a  mixture  contains,  even  if  3  or  4  oils  are  mixed  together 
v/e  can  obtain  an  approximation  for  our  first  result;  un¬ 
fortunately  the  oils  separately  might  be  so  altered  in  their 
original  iodine  absorption  that  our  first  approximation 
might  yield  a  mixture  quite  unlike  what  we  are  trying  to 
imitate,  although  the  iodine  absorption  is  exactly  that  of 
the  sample. 

A  mixture  of  olive  oil,  lard  oil,  and  linseed  oil  has  an 
iodine  absorption  identical  with  olive  oil  =  84*5,  lardoil  = 
52-5,  and  linseed  oil  =  170.  The  iodine  absorption  of  such 
a  mixture  admits  of  a  double  rendering — we  may  either 
compound  a  mixture  of  linseed  oil  and  lard  oil  which  shall 
have  an  iodine  absorption  =  olive  oil,  and  which,  of  course, 
may  be  mixed  in  all  proportions  with  olive  oil  without 
affeCting  the  iodine  absorption,  or  we  may  calculate  for  a 
mixture  of  the  three  oils 


Fir  it  Case, 

84-5  . 

ro-r'_LT^><52*5  =  I9,95  -iodine  absorption  due  to  lard  oil 
52  5-J-170 

„  X  170  =  64-6=  ,, 

linseed  ,, 

Second  Case, 

84-5 

0  ,  ,  X84'5  —  23,24  iodine  ,, 

olive  ,, 

„  x  52-5  =  14-44  .. 

lard  „ 

„  x  170=46-75  „  „ 

linseed ,, 

In  both  cases  the  proportional  absorptions  for  lard  oil  and 
linseed  oil  are  the  same  as  demanded  by  the  original 
iodine  absorption  ;  for  if  we  remove  the  olive  oil,  the  re¬ 
maining  lard  oil  and  linseed  oil  should  have  the  same 
iodine  absorption  as  olive  oil. 

The  mixture  is  then  made  up  as  indicated  by  the 
second  case,  and  examined  side  by  side  with  the  original 
mixture.  Linseed  oil  and  olive  oil  both  yield  insoluble 
products  with  sulphur  chloride  ;  the  lard  oil  would  be 
removed  by  CS2,  with  more  or  less  of  the  non-solidified 
produds  from  the  other  oils,  and  which  is  subsequently 
examined  by  Hubl’s  reagent  as  given  in  this  communica¬ 
tion. 


ON  THE 

EFFECT  OF  TEMPERATURE  UPON  THE 
DETERMINATION  OF  AMMONIA  BY 
NESSLERISATION. 

By  ALLEN  HAZEN  and  HARRY  W.  CLARK. 

In  making  a  number  of  distillations  of  standard  ammonium 
chloride  solution  to  determine  the  loss  due  to  incomplete 
condensation,  as  stated  by  Dr.  Smart,*  results  were  ob¬ 
tained  similar  to  those  given  by  him,  namely,  that  only 
from  85  to  95  per  cent  of  the  ammonia  taken  was  found 
in  the  distillate.  It  was  observed,  however,  that  no  more 
ammonia  was  obtained  when  the  end  of  the  condenser 
dipped  below  the  surface  of  cold  water,  and  also  that  by 
repeatedly  re-distilling  a  distillate  from  standard  am¬ 
monium  chloride  solution,  no  more  was  lost  than  by  a 
single  distillation.  The  loss  could  not  therefore  be  due 
to  incomplete  condensation. 

The  cause  of  this  apparent  loss  was  found  to  be  the 
low  temperature  of  the  distillates.  The  city  water,  at  a 

*  “  Report  of  the  National  Board  of  Health,”  1882;  also  the 
American  Chemical  Journal,  xi.,  367. 
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temperature  of  50,  running  about  the  block  tin  condensers, 
cooled  the  distillate  to  nearly  the  same  temperature,  and 
the  time  that  the  tubes  stood  before  Nesslerising  was  in¬ 
sufficient  to  warm  them  to  the  temperature  of  the  room. 
It  was  found  that  the  colour  obtained  by  Nesslerising  an 
ammonia  solution  depends  upon  its  temperature.  The 
warmer  the  solution  the  deeper  will  be  the  colour  pro¬ 
duced,  so  that  a  standard  containing  4  c.c.  of  ammonia 
solution  Nesslerised  at  30°  will  give  a  colour  equal  to 
that  obtained  from  5  c.c.  Nesslerised  at  150,  or  6  c.c. 
Nesslerised  at  0°.  A  change  in  temperature  after 
Nesslerising  will  not  change  the  colour  very  much. 

To  obtain  accurate  results  it  is  necessary  to  bring 
standards  and  distillates  to  the  same  temperature  before 
Nesslerising.  This  is  easily  accomplished  by  allowing 
them  to  stand  in  a  room  with  even  temperature  for  a 
sufficient  time.  It  was  found  that  the  difference  between 
the  temperatures  of  two  50  c.c.  Nessler  tubes  of  water, 
standing  side  by  side,  was  reduced  to  one-half  every 
thirteen  minutes.  With  racks  of  three  dozen  tubes  each 
the  adjustment  was  much  slower,  forty-five  minutes  being 
required  to  reduce  a  difference  of  io°  50.  When  the 
possible  difference  of  temperature  between  different  tubes 
at  the  start  is  io°  or  more,  three  or  four  hours  will  be  re¬ 
quired  to  bring  them  to  a  sufficiently  even  temperature. 
We  find  it  most  convenient  to  let  them  stand  over  night. 
Standards  and  distillates  are  made  ready  for  Nesslerisation 
during  the  day,  and  all  stand  on  the  same  table  over 
night.  In  the  morning  they  are  Nesslerised  and  com¬ 
pared.  There  is  not  the  slightest  loss  by  evaporation  of 
ammonia  in  this  way,  even  upon  standing  some  days,  and 
in  a  laboratory  where  ammonia  fumes  are  excluded  there 
is  no  danger  of  absorption  of  ammonia  from  the  air. 

Our  earlier  conclusion,  that  there  is  no  loss  of  ammonia 
by  incomplete  condensation,  has  been  confirmed  by 
numerous  determinations  made  in  this  way,  with  most 
satisfactory  results.  The  condenser  tubes  used  are  of 
block  tin,  20  inches  long  and  §  inch  internal  diameter. — 
American  Chemical  Journal,  xii.,  No.  6. 


APPARATUS  FOR  THE  DETERMINATION  OF 
AMMONIAS  IN  SAND  AND  SEWAGE. 

By  ALLEN  HAZEN. 

In  examining  sand  from  filters  it  has  been  thought 
desirable  to  determine  free  and  albumenoid  ammoni”,  as 
this  shows  the  amount  of  organic  matter  stored.  :n  the 
same  terms  as  it  is  given  for  the  filtered  water  or  sewage. 

To  accomplish  this  the  apparatus  shown  by  the  figure 
has  been  used  during  the  last  two  years.  A  litre  flask,  a, 


filled  with  ammonia-free  water,  serves  simply  to  supply 
steam.  A  small  glass  tube  carries  the  steam  to  the 
bottom  of  the  small  flask,  b,  which  contains  the  sand. 
The  steam  passing  through  the  sand  very  rapidly  removes 
all  free  ammonia.  Alkaline  permanganate  solution  is 
then  put  in  b  and  the  distillation  continued.  The  albu¬ 
menoid  ammonia  is  given  off  much  more  rapidly  than  in 
the  ordinary  water  distillation,  owing  to  the  concentration 
of  the  permanganate  which  is  put  upon  the  sand  ful 


strength,  while  in  water-analysis  it  is  diluted  to  eight  or 
ten  times  its  volume  by  the  water.  One  portion  of  50  c.c* 
invariably  contains  all  the  free  ammonia.  The  first  portion 
of  albumenoid  ammonia,  when  boiling  rapidly,  usually 
contains  at  least  eight  or  nine  tenths  of  the  whole,  and 
the  second  portion  has  almost  all  of  the  rest,  so  that  only 
two  tubes  need  be  collected.  Bumping  is  impossible.  The 
condensation  of  steam  in  the  small  flask  is  not  excessive, 
but  if  necessary  it  may  be  heated  with  a  low  flame. 

I  have  found  this  apparatus  to  be  well  adapted  to  the 
examination  of  sewage  and  anything  which  contains 
enough  ammonia.  The  great  bulk  of  a  pure  water  which 
it  would  be  necessary  to  use  prevents  its  application  to 
ordinary  water-analysis. 

The  amount  of  free  ammonia  thus  obtained  is  the  same 
as  that  found  by  the  usual  process  of  dilution  with  pure 
water  and  direCf  distillation.  The  albumenoid  ammonia 
is  commonly  a  little  greater,  owing  to  the  concentration 
of  the  permanganate,  but  the  results  are  sharper  and 
different  determinations  agree  with  each  other  more 
closely.  There  is  also  a  very  considerable  saving  of  time 
when  a  number  of  determinations  are  to  be  made. 

I  prefer  to  use  rubber  stoppers  and  connections.  It 
requires  considerable  boiling  to  get  new  rubber  entirely 
free  from  ammonia,  but  once  free  there  is  no  more  trouble, 
and  a  stopper  will  last  for  a  very  long  time. — American 
Chemical  journal,  xii.,  No.  6. 


OBITUARY. 

PROFESSOR  THOMAS  CARNELLEY. 


On  the  27th  ult.  the  chemical  world  sustained  a  severe 
and  unexpected  blow  by  the  sudden  death  of  Prof. 
Thomas  Carnelley.  He  was  only  in  his  thirty-eighth 
year,  and  all  who  knew  him  naturally  hoped  that  he 
might  continue  doing  excellent  work  for  at  least  a 
quarter  of  a  century.  The  deceased  was  educated  at 
University  College,  London.  His  first  appointment  was 
that  of  Demonstrator  of  Chemistry  at  the  Owens 
College,  Manchester.  He  then  occupied  successively 
the  Chemical  Chair  at  Firth  College,  Sheffield,  and  at 
the  Universities  of  Dundee  and  Aberdeen. 

His  work  included  especially  the  further  development 
of  the  periodic  system  of  Newlands  and  Mendeleeff,  to 
which  he  made  most  important  contributions.  Up  to  the 
time  of  his  death  he  was  engaged  upon  a  great  work  on 
the  chemical  and  physical  constants,  in  which  he  was 
tracing  out  relations  and  uniformities  not  previously 
detected.  Whether  this,  his  magnum  opus,  is  sufficiently 
advanced  to  be  capable  of  publication  we  are  unable  to 
say.  Prof.  Carnelley  likewise  carried  on  some  investi¬ 
gations  on  questions  of  sanitary  chemistry.  Thus  he 
published  an  investigation  of  the  sanitary  condition  of 
Board  Schools,  &c.,  in  Scotland  and  England,  with 
especial  reference  to  the  prevalence  of  microbia  in  their 
atmospheres.  The  last  article  from  his  pen  which  ap¬ 
peared  in  the  Chemical  News  was  an  account  of  re¬ 
searches  undertaken  in  concert  with  Mr.  W.  Frew  on 
“  The  Antiseptic  Powers  of  Isomeric  Organic  Com¬ 
pounds.”  Thomas  Carnelley  was  a  man  whom  the 
scientific  world  could  ill  spare. 

Erratum. — P.  97,  col.  1,  line  21  from  bottom,  jor  “  Ni(C04)”  read 
“Ni(CO)4.” 
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Concluded  from  p.  118), 

The  Crimean  War  taught  Nations  many  lessons  of 
gravest  import,  to  some  of  which  Sir  Richard  Owen  took 
occasion  to  call  attention  most  impressively  in  the  address 
delivered  here,  before  the  miseries  of  that  war  had  become 
past  history.  The  development  of  sanitary  science,  to 
which  he  especially  referred,  and  which  sprang  from  the 
bitter  experience  of  that  sad  epoch,  has  had  its  parallel  in 
the  development  of  the  science  of  artillery;  but  it  would 
indeed  be  difficult  to  establish  any  parallelism  between 
the  benefits  which  even  the  soldier  and  sailor  have  reaped 
from  the  great  strides  made  by  both  these  sciences.  The 
acquisition  of  knowledge  of  the  causes  of  the  then  hope¬ 
lessness  of  gallant  struggles  which  medical  skill  and  self- 
sacrificing  devotion  made  against  the  sufferings  of  the 
vi&ims  of  battles  and  of  fell  diseases,  as  deadly  as  the 
cruellest  implements  of  war;  the  application  of  that 
knowledge  to  the  provision  of  the  blessings  of  antiseptic 
treatment  of  wounds  and  to  the  intelligent  utilisation  of 
disinfectants  and  of  other  valuable  preventive  measures, 
to  the  supply  of  wholesome  water,  of  wholesome  food  in 
campaigning,  of  sensible  clothing,  and  of  wholesome  air 
in  hospitals,  barracks,  and  ships— these  are  some  few  of 
the  benefits  which  the  soldier  and  the  sailor  have  derived 
from  the  development  of  sanitary  science,  which  was  so 
powerfully  stimulated  by  the  terrible  lessons  learned 
during  the  long-drawn-out  siege  of  Sebastopol ;  and  it  is 
indeed  pleasant  to  reflect  that  there  has  been,  for  years 
past,  most  wholesome  competition  between  Nations,  in 
the  enlargement  of  those  benefits,  and  their  dissemination 
among  the  men  whose  vocation  it  is  to  slay  and  be  slain. 
The  periodical  International  Congresses  on  Hygiene  and 
Demography,  of  which  we  shall  cordially  welcome  next 
y  ear’s  "^assemblage  in  London,  and  whose  members  will 
deplore  the  absence  from  among  them  of  the  veteran 
Nestor  in  the  science  and  practice  of  hygiene,  Sir  Edwin 
Chadwick,  have  afforded  conclusive  demonstration  of  the 
heartiness  with  which  Nations  are  now  co-operating  with 
a  view  to  utilise  the  invaluable  results  attained  by  the 
successful  labourers  in  sanitary  science. 

What,  on  the  other  hand,  shall  we  say  of  the  benefits 
which  sailors  and  soldiers,  in  the  pursuit  of  their  calling, 
derive  from  the  ceaseless  costly  competition  amongst 
Nations  for  supremacy  in  the  possession  of  formidable 
artillery,  violent  explosives,  quick-firing  arms  of  deadly 
accuracy,  and  fearful  engines  which,  unseen,  can  work 
wholesale  destruction  in  a  fleet  ?  And  what  can  we  say 
of  the  benefits  acquired  by  individual  countries  in  return 
for  their  continuous,  and  sometimes  ruinous,  expenditure 
in  endeavouring  to  maintain  themselves  upon  an  equality 
with  their  neighbours  in  man-killing  power  ?  The  condi¬ 
tions  under  which  engagements  by  sea  or  land  will  in  the 
future  be  fought  have  certainly  become  greatly  modified 
from  those  of  thirty-five  years  ago,  and  the  duration  of 
warfare,  even  between  Nations  in  conflict  who  are  on  a 


fair  equality  of  resources,  must  become  reduced  ;  but,  as 
regards  the  results  of  a  trial  of  strength  between  contend¬ 
ing  forces,  similarly  equipped,  as  they  now  will  be,  with 
the  latest  of  modern  appliances  only  varying  in  detail, 
these  must,  after  all,  depend,  as  of  old,  partly  upon  acci¬ 
dent,  favoured,  perhaps,  by  a  temporary  superiority  in 
equipment,  partly  upon  the  skill  and  military  genius  of 
individuals,  and  very  much  upon  the  characteristics  of 
the  men  who  fight  the  battles. 

What  really  can  be  said  in  favour  of  the  advances  made 
in  the  appliances  of  war — and  this  is,  perhaps,  the  view 
which  in  such  a  town  as  Leeds  we  should  keep  before  our 
eyes  to  the  exclusion  of  the  dark  side  of  the  picture — is, 
that  by  continuous  competition  in  the  development  of 
their  magnitude,  diversity,  and  perfection,  the  resources 
of  the  manufacturer,  the  chemist,  the  engineer,  the 
electrician,  are  taxed  to  the  uttermost,  with  the  very  im¬ 
portant,  although  incidental,  results,  that  industries  are 
created  or  expanded  and  perfected,  trades  maintained  and 
developed,  and  new  achievements  accomplished  in  applied 
science,  which  in  time  beneficially  affeCt  the  advance  of 
peaceful  arts  and  manufactures.  In  these  ways  the  ex¬ 
penditure  of  a  large  proportion  of  a  country’s  resources 
upon  material  which  is  destroyed  in  creating  destruction 
does  substantially  benefit  communities,  and  tends  to  the 
accomplishment  of  such  material  progress  by  a  country 
as  goes  far  to  compensate  its  people  for  the  sacrifices 
which  they  are  called  upon  to  incur  for  the  maintenance 
of  their  dignity  among  Nations. 

From  this  point  of  view,  at  any  rate,  it  may  interest 
members  of  the  British  Association  for  the  Advancement 
of  Science,  and  for  the  promotion  of  its  applications  to 
the  welfare  and  happiness  of  mankind,  to  hear  something 
of  recent  advances  in  one  of  the  several  branches  of 
science  in  its  applications  to  naval  and  military  require¬ 
ments  with  which,  during  a  long  and  arduous  official 
career,  now  approaching  its  close,  I  have  become  in  some 
measure  identified. 

Since  the  meeting  of  the  Association  in  this  town  in 
1858,  the  progress  which  has  been  made  in  the  regulation 
of  the  explosive  force  of  gunpowder,  so  as  to  adapt  it  to 
the  safe  development  of  very  high  energy  in  guns  pre¬ 
senting  great  differences  in  regard  to  size  and  to  the  work 
which  they  have  to  perform,  has  been  most  important. 
The  different  forms  of  gunpowder  which  were  applied  to 
war  purposes  in  this  and  other  countries,  until  within  the 
last  few  years,  presented  comparatively  few  differences  in 
composition  and  methods  of  manufacture  from  each  other 
and  from  the  gunpowder  of  our  ancestors.  The  replace¬ 
ment  of  smoothbore  guns  by  rifled  artillery,  which  followed 
the  Crimean  War,  and  the  great  increase  in  the  size  and 
power  of  guns,  necessitated  by  the  application  of  armour 
to  ships  and  forts,  soon  called,  however,  for  the  pursuit  of 
investigations  having  for  their  objedt  the  attainment  of 
means  for  variously  modifying  the  adtion  of  fired  gun¬ 
powder,  so  as  to  render  it  suitable  for  artillery  of  different 
calibres  whose  power  could  not  be  effedtively,  or,  in  some 
instances,  safely,  developed  by  the  use  of  the  only  kind  of 
gunpowder  then  employed  in  English  artillery  of  all 
calibres. 

The  means  resorted  to  in  the  earlier  of  these  investiga¬ 
tions,  and  adhered  to  for  many  years,  for  controlling  the 
violence  of  explosion  of  gunpowder,  consisted  exclusively 
in  modifying  the  size  and  form  of  the  individual  masses 
composing  a  charge,  and  of  their  density  and  hardness, 
with  the  objedt  of  varying  the  rate  of  burning  of  those 
masses  in  a  gun  ;  it  being  considered  that,  as  the  propor¬ 
tions  of  ingredients  generally  employed  very  nearly  cor¬ 
respond  to  those  required  for  the  development  of  the 
greatest  chemical  energy  by  the  thoroughly-incorporated 
materials,  the  attainment  of  the  desired  results  should  be, 
if  possible,  effedted  rather  by  modifications  of  the  physical 
and  mechanical  characters  of  gunpowder,  than  by  varia¬ 
tions  of  the  proportions  and  chemical  charadlers  of  its  in¬ 
gredients. 

The  varieties  of  powder  from  time  to  time  introduced 


128 


The  British  Association. — Sir  Frederick  Abel's  Address.  { c lslplcu, 


into  artillery-service,  as  the  outcome  of  investigations  in 
this  diredtion,  were  of  two  distinct  types:  the  first  of  these 
consisted  of  further  developments  of  the  old  granulated  or 
corned  powder,  being  produced  by  breaking  up  more  or 
less  highly-pressed  slabs  of  the  material  into  grains, 
pebbles,  or  boulders  of  appoximately  uniform  size  and 
shape.  Gunpowders  of  this  class,  ranging  in  size  from 
about  iooo  pieces  to  the  ounce  to  about  6  pieces  to  the 
pound,  have  performed  efficient  service,  and  certain  of 
them  are  still  employed.  The  character  of  the  other  type 
is  based  upon  the  theoretical  view  that  uniformity  in  the 
adtion  of  a  particular  gunpowder,  when  employed  under 
like  conditions,  demands  not  merely  identity  in  regard  to 
composition,  but  also  identity  in  form,  size,  density,  and 
structure  of  the  individual  masses  of  which  a  charge  con¬ 
sists.  To  approach  the  practical  realisation  of  this  view, 
equal  quantities  of  one  and  the  same  mixture  of  in¬ 
gredients,  presented  in  the  form  of  powder  of  uniform  fine¬ 
ness  and  dryness,  must  be  submitted  to  a  particular 
pressure,  for  a  fixed  period,  in  moulds  of  uniform  size,  the 
surrounding  conditions  and  subsequent  manufacturing 
processes  being  as  nearly  as  possible  alike.  Practical  ex¬ 
perience  has  shown  that  uniformity  in  the  ballistic 
properties  of  black  powder  can  be  even  more  readily 
secured  by  the  thorough  blending  or  mixing  together  of 
different  produds  of  manufadure,  presenting  some  varia¬ 
tions  in  regard  to  size,  density,  hardness,  or  other 
features,  than  by  aiming  at  an  approach  to  identity  in  the 
charaders  of  the  individual  grains  or  masses. 

When  our  attention  was  first  adively  direded  to  the 
modification  of  the  ballistic  properties  of  powder,  the 
subjed  had  already  been  to  some  extent  dealt  with  in  the 
United  States  by  Rodman  and  Doremus,  and  the  latter 
had  proposed  the  employment,  in  heavy  guns,  of  charges 
consisting  of  large  pellets  of  prismatic  form.  While  this 
prismatic  powder,  which  was  first  used  in  Russia,  was 
being  perfeded,  and  extensively  applied  there  as  well  as 
in  Germany  and  England,  the  produdion  of  powder- 
masses  more  suitable,  by  the  comparatively  gradual 
nature  of  their  explosion,  for  the  very  large  charges  re-  I 
quired  for  the  heavy  artillery  of  the  present  day,  was 
adively  pursued  in  Italy,  and  by  our  own  Government 
Committee  on  Explosives,  the  outcome  of  very  exhaustive 
pradical  investigations  being  the  very  efficient  Fossano 
powder,  or  poudre  pvogressif  of  the  Italians,  and  the 
boulder  and  large  cylindrical  powders  produced  at  Waltham 
Abbey. 

Researches  carried  out  by  Captain  Noble  and  myself 
some  years  ago,  with  a  series  of  gunpowders,  presenting 
considerable  differences  in  composition,  indicated  that 
decided  advantages  might  be  secured,  for  heavy  guns 
especially,  by  the  employment  of  such  a  powder  as  would 
furnish  a  comparatively  very  large  volume  of  gas,  its  ex¬ 
plosion  being  at  the  same  time  attended  by  the  develop¬ 
ment  of  much  less  heat  than  in  the  case  of  ordinary  black 
powder.  In  the  course  of  these  researches  much  light 
was  thrown  upon  the  causes  of  the  wearing  or  erosive 
adtion  of  powder-explosions  upon  the  inner  surface  of  the 
gun,  an  adtion  which,  especially  in  the  larger  calibres  of 
artillery,  produces  so  serious  a  deterioration  of  the  arm 
that  the  velocity  of  projection  and  accuracy  of  shooting 
suffer  considerably,  the  wear  being  especially  great  where 
the  products  of  explosion,  while  under  the  maximum 
pressure,  can  escape  between  the  projectile  and  the  bore. 
The  great  velocity  with  which  the  very  highly  heated 
gaseous  and  liquid  (fused  solid)  products  of  explosion 
sweep  over  the  heated  surface  of  the  metal,  gives  rise  to 
a  displacement  of  the  particles  composing  the  surface  of 
the  bore,  which  increases  in  extent  as  the  latter  becomes 
roughened,  and  thus  opposes  greater  resistance ;  at  the 
same  time,  the  high  temperature  to  which  the  surface  is 
raised  reduces  the  rigidity  of  the  metal,  and  its  consequent 
power  of  resisting  the  force  of  the  gaseous  torrent ;  and, 
lastly,  some  amount  of  chemical  adtion  upon  the  metal, 
by  certain  of  the  highly-heated  non-gaseous  produdts  of 
explosion,  contributes  towards  an  increase  in  the  erosive 


eftedts.  Experiments  made  upon  a  large  scale  by  Captain 
Noble  with  powders  of  different  composition,  and  with 
other  explosives,  have  afforded  decisive  evidence  that  the 
explosive  agent  which  furnishes  the  largest  proportion  of 
gaseous  produdts,  and  the  explosion  of  which  is  attended 
by  the  development  of  the  smallest  amount  of  heat, 
exerts  least  erosive  adtion. 

Some  eminent  German  gunpowder  manufadturers,  who 
were  at  this  time  adtively  engaged  upon  the  production  of 
a  suitable  powder  for  heavy  guns,  directed  their  attention, 
not  merely  to  an  alteration  of  the  proportions  of  the  in¬ 
gredients,  but  also  to  a  modification  in  the  character  of 
charcoal  employed ;  the  eventual  result  was  the  production 
of  a  new  prismatic  powder,  composed  of  saltpetre  in 
somewhat  higher  proportion  than  in  normal  black  powder, 
and  of  a  very  slightly-burned  charcoal  of  reddish  brown 
colour,  quite  similar  to  the  charbon  roux  which  Violette 
produced  about  forty  years  ago  for  use  in  sporting- 
powder,  by  the  action  of  super-heated  steam  upon  wood 
or  other  vegetable  matter.  This  brown  prismatic  powder 
(or  “  cocoa  powder  ”)  differs  from  black  powder  not 
merely  in  colour :  it  burns  very  slowly  in  the  open  air, 
and  in  guns  its  action  is  comparatively  gradual  and  long- 
sustained.  The  products  of  its  explosion  are  simple;  as 
the  powder  contains  saltpetre  in  large  proportion  re¬ 
latively  to  the  sulphur  and  charcoal,  these  become  fully 
oxidised,  and  a  relatively  very  large  amount  of  water- 
vapour  is  produced,  partly  because  of  the  comparatively 
high  proportion  of  water  in  the  finished  powder,  and 
partly  from  the  large  amount  of  hydrogen  in  the  slightly- 
charred  wood  or  straw  used.  The  smoke  from  a  charge 
of  brown  powder  differs  but  little  in  volume  from  that  of 
black  powder,  but  it  disperses  much  more  rapidly,  owing 
to  the  speedy  absorption  of  the  finely-divided  potassium 
salts,  forming  the  smoke,  by  the  large  proportion  of 
water-vapour  through  which  they  are  distributed. 

This  kind  of  powder  has  been  substituted,  with  con¬ 
siderable  advantage,  for  black  powder  in  guns  of  com¬ 
paratively  large  calibre,  but  it  soon  became  desirable  to 
attain  even  more  gradual  adtion  in  the  case  of  the  very 
large  charges  required  for  guns  of  the  heaviest  calibres, 
such  as  the  no-ton  gun,  from  which  shot  of  about  1800 
lbs.  weight  are  propelled  by  a  powder-charge  of  960  lbs. 
Brown  powder  has,  therefore,  been  modified  in  com¬ 
position  to  suit  these  conditions  ;  while,  on  the  other 
hand,  a  powder  intermediate  in  rapidity  of  adtion  between 
black  powder  and  the  brown  prism  powder  has  been 
found  more  suitable  than  the  former  for  use  in  guns  of 
moderately  large  calibre. 

The  importance  which  machine-guns  and  comparatively 
large  quick-firing  guns  have  assumed  in  the  armament  of 
ships  has  made  it  very  desirable  to  provide  a  powder  for 
them  which  will  produce  comparatively  little  or  no  smoke, 
as  their  efficient  employment  becomes  greatly  limited 
when,  after  a  very  few  rounds  rapidly  fired  with  black 
powder,  the  objects,  against  which  it  is  desired  to  diredt 
the  fire,  are  more  or  less  completely  hidden  by  the  inter¬ 
posed  smoke.  Hence  much  attention  has  of  late  been 
diredted  to  the  production  of  smokeless,  or  nearly  smoke¬ 
less,  powders  for  naval  use.  At  the  same  time,  the  views 
of  many  military  authorities  regarding  the  importance  of 
dispensing  with  smoke  in  engagements  on  land,  have  also 
created  a  demand  for  smokeless  powders  suitable  for 
field-artillery  and  for  small  arms. 

The  properties  of  ammonium  nitrate,  of  which  the  pro¬ 
dudts  of  decomposition  by  heat  are,  in  addition  to  water- 
vapour,  entirely  gaseous,  have  rendered  it  a  tempting 
material  to  those  who  have  striven  to  produce  a  smoke¬ 
less  powder;  but  its  deliquescent  charadter  has  been  a 
formidable  obstacle  to  its  application  as  a  component  of 
a  useful  explosive  agent.  By  incorporating  charcoal  and 
saltpetre  in  particular  proportions  with  ammonium 
nitrate,  F.  Gaus  recently  claimed  to  have  produced  an 
explosive  material  free  from  the  hygroscopic  charadter 
common  to  other  ammonium  nitrate  mixtures,  and 
furnishing  only  permanently  gaseous  and  volatile,  or 
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smokeless,  products  of  explosion.  These  anticipations 
were  not  realised,  but  they  led  the  talented  German 
powder-maker,  Mr.  Heidemann,  to  produce  an  ammo¬ 
nium  nitrate  powder  possessing  remarkable  ballistic 
properties,  and  producing  comparatively  little  smoke, 
which  speedily  disperses.  It  yields  a  very  much  larger 
volume  of  gas  and  water-vapour  than  either  black  or 
brown  powder,  and  is  considerably  slower  in  aCtion  than 
the  latter;  the  charge  required  to  produce  equal  ballistic 
results  is  less,  while  the  chamber-pressure  developed  is 
lower,  and  the  pressures  along  the  chase  of  the  gun  are 
higher,  than  with  brown  powder.  No  greater  tendency  is 
exhibited  by  it  to  absorb  moisture  from  an  ordinarily  dry, 
or  even  somewhat  moist,  atmosphere,  but  it  rapidly 
absorbs  water  when  the  hygroscopic  condition  of  the  air 
approaches  saturation,  and  this  greatly  restricts  its  use. 

About  five  years  ago  reports  began  to  reach  us  from 
France  of  the  attainment  of  remarkable  results  with  a 
smokeless  powder  employed  with  the  repeating  or  maga¬ 
zine  rifle  then  in  course  of  adoption  for  military  service, 
and  of  marvellous  velocities  obtained  by  the  use  of  this 
powder,  in  specially  constructed  artillery  of  great  length. 
As  in  the  case  of  the  explosive  agent  called  Melinite,  the 
fabulously  destructive  effects  of  which  were  much  vaunted 
at  about  the  same  time,  the  secret  of  the  nature  of  this 
smokeless  powder  was  well  preserved  by  the  French 
authorities;  it  is  now  known,  however,  that  more  than 
one  smokeless  explosive  has  succeeded  the  original,  and 
that  the  material  at  present  in  use  with  the  Lebel  re¬ 
peating  rifle  belongs  to  a  class  of  nitro  cellulose  or  nitro- 
cotton  preparations,  of  which  several  have  been  made  the 
subject  of  patents  in  England,  and  of  which  varieties  are 
also  being  used  in  Germany  and  other  countries. 

A  comparison  between  the  chemical  changes  attending 
the  burning  or  explosion  of  gunpowder,  and  of  the  class 
of  nitro-compounds  represented  by  gun-cotton,  at  once 
explains  the  cause  of  the  production  of  smoke  by  the 
former,  and  of  the  smokelessness  of  the  latter.  Whilst 
the  products  of  explosion  of  the  nitro  compounds  consist 
exclusively  of  gases  and  of  water-vapour,  gunpowder, 
being  composed  of  a  large  proportion  of  saltpetre,  or 
other  metallic  nitrate,  mixed  with  charred  vegetable 
matter  and  variable  quantities  of  sulphur,  furnishes  pro¬ 
ducts  of  which  over  50  per  cent  are  not  gaseous,  even  at 
high  temperatures,  and  which  are  in  part  deposited  as  a 
fused  solid — which  constitutes  the  fouling  in  a  fire-arm — 
and  in  part  distributed  in  an  extremely  fine  state  of 
division  through  the  gases  and  vapours  developed  by  the 
explosion,  thus  giving  to  these  the  appearance  of  smoke 
as  they  escape  into  the  air. 

So  far  as  smokelessness  is  concerned,  no  material  can 
surpass  gun-cotton  (or  other  varieties  of  nitro-cellulose) ; 
but,  even  if  the  rate  of  combustion  of  the  fibrous  explosive 
in  a  firearm  could  be  controlled  with  certainty  and  uni¬ 
formity,  its  application  as  a  safe  propulsive  agent  is 
attended  by  so  many  difficulties  that  the  non-success  of 
the  numerous  early  attempts  to  apply  it  to  that  purpose 
is  not  surprising.  Those  attempts,  commencing  soon 
after  the  discovery  of  gun-cotton,  in  1846,  and  continued 
many  years  later  in  Austria,  consisted  entirely  in  varying 
the  density  and  mechanical  condition  of  employment  of 
the  gun-cotton  fibre.  No  difficulty  was  experienced  in 
thus  exercising  complete  control  over  the  rapidity  of 
burning  in  the  open  air  ;  but  when  the  material  was 
strongly  confined,  as  in  the  bore  of  a  gun,  such  methods 
of  regulating  its  explosive  force  were  quite  unreliable,  as 
some  slight  unforeseen  variation  in  its  compactness  or  in 
the  amount  and  disposition  of  the  air-spaces  in  the  mass, 
would  develop  very  violent  aCtion.  Much  more  promising 
results  were  subsequently  obtained  by  me  by  reducing  the 
fibre  to  a  pulp  as  in  the  ordinary  process  of  making  paper, 
and  converting  this  into  highly-compressed  homogeneous 
masses  of  the  desired  form  and  size.  Some  favourable 
results  were  obtained  at  Woolwich  in  1867-8  in  field- 
guns,  with  cartridges  built  up  of  compressed  gun-cotton 
variously  formed  and  arranged,  with  the  object  of 


regulating  the  rapidity  of  explosion  of  the  charge.  Bu* 
although  comparatively  small  charges  often  gave  high 
velocities  of  projection  without  any  indications  of  injury 
to  the  gun,  the  uniform  fulfilment  of  the  conditions 
essential  to  safety  proved  to  be  beyond  absolute  control, 
even  in  guns  of  small  calibre  ;  and  military  authorities 
not  being  in  those  days  alive  to  the  advantages  which 
might  accrue  from  the  employment  of  an  entirely  smoke¬ 
less  explosive  in  artillery,  experiments  in  this  direction 
were  not  persevered  in.  At  the  same  time,  considerable 
success  attended  the  production  of  gun-cotton  cartridges 
for  sporting  purposes,  the  rapidity  of  its  explosion  being 
controlled  by  various  methods ;  very  promising  results 
were  also  attained  with  the  Martini-Henry  rifle  and  a 
lightly-compressed  pulped  gun-cotton  charge,  of  pellet- 
form,  the  uniform  aCtion  of  which  was  secured  by  simple 
means. 

A  nearly  smokeless  sporting  powder  had,  in  the  mean¬ 
time,  been  produced  by  Colonel  Schultze.of  the  Prussian 
Artillery,  from  finely-divided  wood,  converted  after 
purification  into  a  mildly  explosive  form  of  nitro-cellulose, 
and  impregnated  with  a  small  portion  of  an  oxidising 
agent.  Subsequently  this  powder  was  produced  in  a 
granular  form,  and  rendered  considerably  more  uniform 
in  character,  and  less  hygroscopic  ;  it  then  closely  re¬ 
sembled  the  well-known  E.C.  sporting  powder,  which 
consists  of  a  nitro-cotton  reduced  to  pulp,  incorporated 
with  the  nitrates  of  potassium  and  barium,  and  converted 
into  grains  through  the  agency  of  a  solvent  and  a  binding 
material.  Both  these  powders  produce  very  little  smoke 
compared  with  black  powder,  but  do  not  compete  with 
the  latter  in  regard  to  accuracy  of  shooting  when  used  in 
military  arms. 

In  past  years  both  camphor  and  liquid  solvents  have 
been  applied  to  the  hardening  of  the  surfaces  of  granu¬ 
lated  or  compressed  masses  of  gun-cotton  and  of  this 
class  of  its  preparations,  with  a  view  to  render  them  non- 
porous.  In  some  smokeless  powders  of  French,  German, 
Belgian,  and  English  manufacture,  acetic  ether  and 
acetone  have  been  also  used,  not  merely  to  harden  the 
granules  or  tablets  of  the  explosive,  but  to  convert  the 
nitrocellulose,  in  the  first  instance,  into  a  more  or  less 
gelatinous  condition,  so  that  it  can  readily  be  incorporated 
with  other  components  and  rolled,  or  spread  into  sheets, 
or  pressed  into  moulds,  or  squirted  into  wires,  rods,  or 
tubes,  while  still  in  a  plastic  state.  When  the  solvent 
has  afterwards  been  removed,  the  hardened,  horn-like,  or 
somewhat  plastic  product  is  cut  up  into  tablets,  or  into 
strips  or  pieces  of  suitable  dimensions,  for  conversion 
into  charges  or  cartridges. 

Another  class  of  smokeless  powder,  similar  in  physical 
characteristics  to  these  nitrocellulose  powders,  but  con¬ 
taining  nitroglycerin  as  an  important  component,  has  been 
originated  by  Mr.  Alfred  Nobel,  the  well-known  inventor 
of  dynamite,  and  bears  resemblance  in  its  physical  charac¬ 
teristics  to  another  of  his  inventions,  called  blasting- 
gelatin,  one  of  the  most  interesting  of  known  violent 
explosive  agents.  When  one  of  the  lower  products  of 
nitration  of  cellulose  is  impregnated  with  the  liquid 
explosive,  nitroglycerin,  it  gradually  loses  its  fibrous 
nature, becoming  gelatinised  while  assimilatingthe  liquid; 
and  the  resulting  product  almost  possesses  the  characters 
of  a  compound.  This  preparation,  and  certain  modifica¬ 
tions  of  it,  have  acquired  high  importance  as  blasting 
agents  more  powerful  than  dynamite,  and  possessed  of 
the  valuable  property  that  their  prolonged  immersion  in 
water  does  not  separate  from  them  any  appreciable  pro¬ 
portion  of  nitroglycerin.  The  nitroglycerin  powder  first 
produced  by  Mr.  Nobel  was  almost  perfectly  smokeless 
and  developed  very  high  energy,  accompanied  by  mode¬ 
rate  pressures  at  the  seat  of  the  charge,  but  it  possessed 
certain  practical  defects,  which  led  to  the  development  of 
several  modifications  of  that  explosive  and  various  im¬ 
provements  in  manufacture.  The  relative  merits  of  this 
class  of  smokeless  powder,  and  of  various  kinds  of  nitro¬ 
cellulose  powder,  are  now  under  careful  investigation  in 


— Sir  Frederick  A  beds  Address.  (CHIept.Ai2,*£; 


130  The  British  Association. 

this  and  other  countries,  and  several  more  or  less  formid¬ 
able  difficulties  have  been  met  with  in  their  application, 
in  small-arms  especially  ;  these  arise  in  part  from  the 
comparatively  great  heat  they  develop,  which  increases 
the  erosive  effects  of  the  products  of  explosion,  and  in 
part  from  the  more  or  less  complete  absence  of  solid 
products.  The  surfaces  of  the  barrel  and  of  the  projectile 
being  left  clean,  after  the  firing,  are  in  a  condition  favour¬ 
able  to  their  close  adhesion  while  the  bullet  is  propelled 
along  the  bore,  with  the  consequent  establishment  of  very 
greatly  increased  friction.  The  latter  difficulty  has  been 
surmounted  by  more  than  one  expedient,  but  always  at 
the  cost  of  absolute  smokelessness. 

Our  knowledge  of  the  results  obtained  in  France  and 
Germany  with  the  use  of  smokeless  powders  in  the  new 
rifles  and  in  artillery  is  somewhat  limited  ;  our  own  ex¬ 
periments  have  demonstrated  that  satisfactory  results  are 
attainable  with  more  than  one  variety  of  them,  not  only 
in  the  new  repeating-arm  of  our  infantry,  but  also  with 
our  machine-guns,  with  field-artillery,  and  with  the  quick- 
firing  guns  of  larger  calibre  which  constitute  an  important 
feature  in  the  armament  of  our  Navy.  The  importance 
of  ensuring  that  the  powder  shall  not  be  liable  to  undergo 
chemical  change  detrimental  to  its  efficiency  or  safety, 
when  stored  in  different  localities  where  it  may  be  subjedt 
to  considerable  variations  of  temperature  (a  condition 
especially  essential  in  connedtion  with  our  own  Naval  and 
Military  service  in  all  parts  of  the  world),  necessitates 
qualities  not  very  easily  secured  in  an  explosive  agent 
consisting  mainly  of  the  comparatively  sensitive  nitro¬ 
compounds  to  which  the  chemist  is  limited  in  the  produc¬ 
tion  of  a  smokeless  powder.  It  is  possible,  therefore, 
that  the  extent  of  use  of  such  a  material  in  our  ships,  or 
in  our  tropical  possessions,  may  have  to  be  limited  by  the 
practicability  of  fulfilling  certain  special  conditions  essen¬ 
tial  to  its  storage  without  danger  or  possible  deterioration. 
If,  however,  great  advantages  are  likely  to  attend  the 
employment  of  a  smokeless  explosive,  at  any  rate  for 
certain  Services,  it  will  be  well  worth  while  to  adopt  such 
special  arrangements  as  may  be  required  for  securing 
these  without  incurring  special  dangers;  this  may  prove 
to  be  especially  necessary  in  our  ships  of  war,  where 
temperatures  so  high  as  to  be  prejudicial  even  to  ordinary 
black  powder,  sometimes  prevail  in  the  magazines,  con¬ 
sequent  mainly  upon  the  positions  assigned  to  them  in 
the  ships,  but  which  may  be  guarded  against  by  measures 
not  difficult  of  application. 

The  Press  accounts  of  the  wonderful  performances  of 
the  first  smokeless  powder  adopted  by  the  French — 
which,  it  should  be  added,  were  in  some  respeCts  con¬ 
firmed  by  official  reports  of  officers  who  had  witnessed 
experiments  at  a  considerable  distance— engendered  a 
belief  that  a  very  great  revolution  in  the  conduct  of  cam¬ 
paigns  must  result  from  the  introduction  of  such  powders. 
It  was  even  reported  very  positively  that  noiselessness 
was  one  of  the  important  attributes  of  a  smokeless 
powder,  and  highly-coloured  comparisons  have,  in  con¬ 
sequence,  been  drawn  in  Service-periodicals,  and  even  by 
some  military  authorities,  between  the  battles  of  the  past 
and  those  of  the  future  :  the  terrific  din  caused  by  the 
firing  of  the  many  guns  and  the  roar  of  infantry-fire,  in 
hea'-y  engagements,  being  supposed  to  be  reduced  to 
noise  so  slight  that  distant  troops  would  fail  to  know  in 
what  direction  their  comrades  were  engaged,  and  that 
sentries  and  outposts  would  no  longer  be  able  to  warn 
their  comrades  of  the  approaching  foe  by  the  discharge  of 
their  lifles.  Military  juurnals  of  renown,  misled  by  such 
legendary  accounts,  chiefly  emanating  from  France, 
referred  to  the  absence  of  noise  and  smoke  in  battles  as 
greatly  enhancing  the  demands  for  skill  and  courage,  and 
as  surrounding  a  fight  with  mystery.  The  absence  of 
recoil  when  a  rifle  was  fired  with  smokeless  powder  was 
another  of  the  marvels  reported  to  attend  the  use  of  these 
new  agents  of  warfare.  It  need  scarcely  be  said  that  a 
closer  acquaintance  with  them  has  dispelled  the  credit 
given  to  such  of  the  accoun  s  of  their  supposed  qualitie. 


as  were  mythical,  and  a  belief  in  which  could  only  be 
ascribable  to  a  phenomenal  combination  of  credulity  with 
ignorance  of  the  most  elementary  scientific  knowledge. 

The  extensive  use  which  has  been  made  in  Germany  of 
smokeless  or  nearly  smokeless  powder  in  one  or  two 
special  military  displays  has,  however,  afforded  interest¬ 
ing  indications  of  the  actual  change  which  is  likely  to  be 
wrought  in  the  conditions  under  which  engagements  on 
land  will  be  fought  in  the  future,  provided  these  new 
explosives  thoroughly  establish  and  maintain  their  posi¬ 
tion  as  safe  and  reliable  propelling  agents.  Although  the 
powder  adopted  in  Germany  is  not  actually  smokeless, 
the  almost  transparent  film  of  smoke  produced  by  inde¬ 
pendent  rifle-firing  is  not  visible  at  a  distance  of  about 
300  yards  ;  at  shorter  distances  it  presents  the  appearance 
of  a  puff  of  a  cigar.  The  most  rapid  salvo-firing  by  a 
large  number  of  men  does  not  have  the  effeCt  of  obscuring 
them  from  distant  observers.  When  machine  guns  and 
field  artillery  are  fired  with  the  almost  absolutely  smokeless 
powder  which  we  are  employing,  their  position  is  not 
readily  revealed  to  distant  observers  by  the  momentary 
vivid  flash  of  flame  and  slight  cloud  of  dust  produced. 

There  now  appears  little  doubt  that  in  future  warfare 
belligerents  on  both  sides  will  alike  be  users  of  these  new 
powders  ;  the  screening  or  obscuring  effeCt  of  smoke  will 
therefore  be  practically  absent  during  engagements  be¬ 
tween  contending  forces,  and  while,  on  the  one  hand,  the 
very  important  protection  of  smoke,  and  its  sometimes 
equally  important  assistance  in  manoeuvres,  will  thus  be 
abolished,  both  combatants  will,  on  the  other  hand,  secure 
the  advantages  of  accuracy  of  shooting  and  of  the  use  of 
individual  fire,  through  the  medium  of  cover,  with  com¬ 
parative  immunity  from  detection.  Such  results  as  these 
cannot  fail  to  affeCt,  more  or  less  radically,  the  principles 
and  conditions  under  which  battles  have  hitherto  been 
fought.  With  respeCt  to  the  Naval  Service,  it  is  espe¬ 
cially  for  the  quick  firing  guns,  so  important  for  defensive 
purposes,  that  a  smokeless  powder  has  been  anxiously 
looked  for ;  by  the  adoption  of  such  a  powder  as  has 
during  the  past  year  been  elaborated  for  our  artillery, 
should  experience  establish  its  reliability  under  all  Service 
conditions  and  its  power  to  fulfil  all  reasonable  require¬ 
ments  in  regard  to  stability,  these  guns  will  not  only  be 
used  by  our  ships  under  conditions  most  favourable  to 
their  efficiency,  but  their  power  will  also  be  very  impor¬ 
tantly  increased. 

The  ready  and  safe  attainment  of  very  high  velocities 
of  projection  through  the  agency  of  these  new  varieties  of 
explosive  agents,  employed  in  guns  of  suitable  construc¬ 
tion,  would  appear  at  first  sight  to  promise  a  very  impor¬ 
tant  advance  in  the  power  of  artillery;  the  practical 
difficulties  attending  the  utilisation  of  these  results  are, 
however,  sufficiently  formidable  to  place,  at  any  rate  at 
present,  comparatively  narrow  limits  upon  our  powers  of 
availing  ourselves  of  the  advantages  in  ballistics  which 
they  may  present.  The  strength  of  the  gun-carriages  and 
the  character  of  the  arrangements  used  for  absoibmg  the 
force  of  recoil  of  the  gun,  need  considerable  modifications, 
not  easy  of  application  in  some  instances;  greater 
strength  and  perfection  of  manufacture  are  imperative  in 
the  case  of  the  hollow  projectiles  or  shells  to  be  used  with 
charges  of  a  propelling  agent,  by  the  firing  of  which  in 
the  gun  they  may  be  submitted  to  comparatively  very 
severe  concussions;  the  increased  friCtion  to  which  por¬ 
tions  of  the  explosive  contents  of  the  shell  are  exposed 
by  the  more  violent  setting  back  of  the  mass  may  increase 
the  possibility  of  their  accidental  ignition  before  the  shell 
has  been  projected  from  the  gun  ;  the  increase  of  concus¬ 
sion  to  which  the  fuse  in  the  shell  is  exposed  may  give 
rise  to  a  similar  risk  consequent  upon  an  increased  lia¬ 
bility  to  a  failure  of  the  mechanical  devices  which  are 
applied  to  prevent  the  igniting  arrangement,  designed  to 
come  into  operation  only  upon  the  impact  or  graze  of  the 
projected  shells,  from  being  set  into  aCtion  prematurely 
by  the  shock  of  the  discharge;  lastly,  the  circumstance, 
that  the  rate  of  burning  of  the  time-fuze  which  determines 
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the  efficiency  of  a  projected  shrapnel  shell  is  materially 
altered  by  an  increase  in  the  velocity  of  flight  of  the  shell, 
also  presents  a  source  of  difficulty. 

The  fallibility  of  even  the  most  simple  forms  of  fuze, 
manufactured  in  very  large  numbers,  although.it  may  be 
remote,  must  always  engender  a  feeling  of  insecurity, 
when  shells  are  employed  containing  an  explosive  agent 
of  the  class  which,  in  recent  years,  it  has  been  sought,  by 
every  resource  of  ingenuity,  combined  with  intimate 
knowledge  of  the  properties  of  these  explosives,  to  apply 
as  substitutes  for  gunpowder  in  shells,  on  account  of  their 
comparatively  great  destructive  power. 

One  of  the  first  uses,  for  purposes  of  warfare,  to  which 
it  was  attempted  to  apply  gun-cotton,  was  as  a  charge  for 
shells.  But  even  when  this  was  highly-compressed,  and 
accurately  fitted  the  shell  chamber,  with  the  intervention 
only  of  a  soft  packing  between  the  surfaces  of  explosive  and 
of  metal,  to  guard  against  friction  between  the  two  upon 
the  shock  of  the  discharge,  no  security  was  attainable 
against  the  ignition  of  the  comparatively  sensitive  explo¬ 
sive  by  friction  established  within  its  mass  at  the  moment 
when  the  shell  is  first  set  in  motion.  By  the  premature 
explosion  of  a  shell  charged  with  gunpowder,  no  impor¬ 
tant  injury  is  inflicted  upon  the  gun,  but  a  similar  acci¬ 
dental  ignition  of  a  gun-cotton  charge  must  almost 
inevitably  burst  the  arm.  The  earlier  attempts  to  apply 
gun-cotton  as  a  bursting-charge  for  shells  were  several 
times  attended  by  very  disastrous  accidents  of  this  kind  , 
but  the  fad,  afterwards  discovered,  that  wet  compressed 
gun-cotton,  even  when  containing  sufficient  water  to 
render  it  quite  uninflammable,  can  be  detonated  through 
the  agency  of  a  sufficiently  powerful  charge  of  fulminate 
of  mercury,  or  of  a  small  quantity  of  dry  gun-cotton,  im¬ 
bedded  within  it,  has  led  to  the  perfectly  safe  application 
of  gun-cotton  in  shells,  provided  the  fuze,  through  the 
agency  of  which  the  initiative  detonating  agent  in  the 
shell  comes  into  operation,  is  secure  against  any  liability 
to  premature  ignition  when  the  gun  is  fired.  Many  suc¬ 
cessful  experiments  have  been  made  with  shells  thus 
charged  with  wet  gun-cotton,  which  is  now  recognised  as 
a  formidable  destructive  agent  applicable  in  shells  with 
much  less  risk  of  casualty  than  attends  the  use  of  many 
other  of  the  violent  explosive  bodies  which  it  has  become 
fashionable,  in  professional  parlance,  to  designate  as 
“  high  explosives.” 

Many  devices  and  arrangements,  more  or  less  ingenious 
and  complicated,  have  been  schemed,  especially  in  the 
United  States,  for  applying  preparations  of  the  very  sensi¬ 
tive  liquid,  nitro-glycerin,  such  as  dynamite  and  blasting- 
gelatin,  as  charges  for  shells.  Some  of  these  consist  in 
sub-dividing  the  charge  by  more  or  less  elaborate 
methods  ;  in  others  the  shell  is  also  lined  with  some  soft 
elastic  packing  material,  and  paddings  of  similar  material 
are  applied  in  the  head  and  the  base  of  the  shell-chamber, 
with  the  objeCt  of  reducing  the  friction  and  concussion  to 
which  the  explosive  is  exposed  when  the  projectile  is  first 
set  in  motion.  Such  arrangements  obviously  reduce  the 
space  available  for  the  charge  in  the  shell,  and  the  best 
of  them  fail  to  render  these  explosives  as  safe  to  employ 
as  wet  gun-cotton.  It  order  to  avoid  exposing  shells 
loaded  with  such  explosives  to  the  concussion  produced 
when  propelling  them  by  a  powder-charge,  compressed 
air  has  been  applied  as  the  propelling  agent,  and  guns  of 
special  construction  and  very  large  dimensions,  from 
which  shells  containing  as  much  as  500  lbs.  of  gun-cotton 
or  dynamite  are  projected  through  the  agency  of  com¬ 
pressed  air,  have  recently  been  elaborated  in  the  United 
States,  where  great  expectations  are  entertained  of  the 
value,  for  war  purposes,  of  these  so-called  pneumatic 
guns. 

A  highly  ingenious  device  for  utilising  a  class  of  very 
powerful  explosives  in  shells,  without  any  risk  of  accident 
to  the  gun,  was  not  long  since  brought  forward  by  Mr. 
Grusen,  the  well-known  armour-plate  and  projectile 
manufacturer  of  Magdeburg.  It  consisted  of  a  thoroughly 
efficient  arrangement  fcr  applying  the  faCt,  first  demon¬ 


strated  by  Dr.  Sprengel,  that  mixtures  of  nitric  acid  of 
high  specific  gravity  with  solid  or  liquid  hydrocarbons,  or 
with  the  nitro-compounds  of  these,  are  susceptible  of 
detonation,  with  development  of  very  high  energy.  The 
two  agents,  of  themselves  non-explosive — nitric  acid  and 
the  hydro  carbon,  or  its  nitro  product — are  separately 
confined  in  the  shell ;  when  it  is  first  set  in  motion  by  the 
firing  of  the  gun,  the  fraCture  of  the  receptacle  containing 
the  liquid  nitric  acid  is  determined  by  a  very  simple 
device  ;  the  two  substances  are  then  free  to  come  into 
contaCt,  and  their  very  rapid  mixture  is  promoted  by  the 
rotation  of  the  shell,  so  that  almost  by  the  time  that  it  is 
projected  from  the  gun,  its  contents,  at  first  quite  harm¬ 
less,  have  become  converted  into  a  powerfully  explosive 
mixture,  ready  to  come  into  operation  through  the  aCtion 
of  the  fuze.  Although  safety  appears  assured  by  this 
system,  the  comparatively  complicated  nature  of  the  con¬ 
trivance,  and  the  loss  of  space  in  the  shell  thereby 
entailed,  place  it  at  a  disadvantage,  especially  since  some 
other  very  violent  explosive  agents  have  come  to  be 
applied  with  comparative  safety  in  shells. 

Between  four  and  five  years  ago  intelligence  first 
reached  us  of  marvellously  destructive  effects  produced  by 
shells  charged  with  an  explosive  agent  which  the  French 
Government  was  elaborating.  The  reported  results  sur- 
passed  any  previously  recorded  in  regard  to  violently 
destructive  effects  and  great  velocity  of  projection  of  the 
fragments  of  exploded  shells,  and  it  was  asserted  that  the 
employment  of  this  new  material,  Melinite,  was  un¬ 
attended  by  the  usual  dangers  incident  to  this  particular 
application  of  violent  explosive  agents,  an  assertion 
scarcely  consistent  with  accounts  which  soon  reached  us 
of  several  terrible  calamities  due  to  the  accidental  explo¬ 
sion  of  shells  loaded  with  Melinite. 

Although  the  secret  of  the  precise  nature  of  Melinite 
has  been  extremely  well  preserved,  it  transpired  ere  long 
that  extensive  purchases  were  made  in  England,  by  or  for 
the  French  authorities,  of  one  of  the  many  coal-tar  deri¬ 
vatives  which  for  some  years  past  has  been  extensively 
manufactured  for  tinctorial  pusposes,  but  which,  although 
not  itself  classed  among  explosive  bodies  until  quite 
lately,  had  long  before  been  known  to  furnish,  with  some 
metals,  more  or  less  highly  explosive  combinations,  some 
of  which  have  been  applied  to  the  production  of  prepara¬ 
tions  suggested  as  substitutes  for  gunpowder. 

The  product  of  destructive  distillation  of  coal  from 
which,  by  oxidation,  this  material  is  now  manufactured, 
is  the  important  and  universally- known  antiseptic  and 
disinfectant,  carbolic  acid,  or  phenol.  Originally  desig¬ 
nated  carbazotic  acid,  the  substance  now  known  as  picric 
acid  was  first  obtained  in  small  quantities  as  a  chemical 
curiosity  by  the  oxidation  of  silk,  aloes,  &c.,  and  of  the 
well-known  blue  dye  indigo,  which  thus  yielded  another 
dye  of  a  brilliant  yellow  colour.  To  the  many  who  may 
regard  this  interesting  phenol-derivative  as  a  material 
concerning  the  stability  and  other  properties  of  which  we 
have  little  knowledge,  it  will  be  interesting  to  learn  that 
it  has  been  known  to  chemists  for  more  than  a  century. 
It  was  first  manufactured  in  England  for  tinctorial  pur¬ 
poses  by  the  oxidation  of  a  yellow  resin  ( Xanthorrhoea 
hastilis),  known  as  Botany  Bay  gum.  Its  production  from 
carbolic  acid  was  developed  in  Manchester  in  1862,  and 
its  application  as  a  dye  gradually  extended,  until,  in 
1886,  nearly  100  tons  were  produced  in  England  and 
Wales. 

Although  picric  acid  compounds  were  long  since 
experimented  with  as  explosive  agents,  it  was  not 
until  a  very  serious  accident  occurred,  in  1887, 
at  some  works  near  Manchester  where  the  dye  had 
been  for  some  time  manufactured,  that  public  atten¬ 
tion  was  directed  in  England  to  the  powerfully  explo- 
'  sive  nature  of  this  substance  itself.  The  French 
authorities  appear,  however,  to  have  been  at  that  time 
already  engaged  upon  its  application  as  an  explosive  for 
shells.  It  is  now  produced  in  very  large  quantities  at 
several  works  in  Great  Britain,  and  it  has  been  exten- 
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ively  exported  during  the  last  four  years,  evidently  for 
other  than  the  usual  commercial  purposes.  Large  sup¬ 
plies  of  phenol,  or  carbolic  acid,  have,  at  the  same  time, 
been  purchased  in  England  for  France,  and  lately  for 
Germany,  doubtless  for  the  manufacture  of  picric  acid, 
very  extensive  works  having  been  established  for  its  pro¬ 
duction  in  both  those  countries.  It  has  been  made  the 
subject  of  experiment  by  our  military  authorities,  and  its 
position  has  been  well  established  as  a  thoroughly  stable 
explosive  agent,  easily  manufactured,  comparatively  safe 
to  deal  with,  and  very  destructive  when  the  conditions 
essential  for  its  detonation  are  fulfilled. 

The  precise  nature  of  Melinite  appears  to  be  still  only 
known  to  the  French  authorities  :  it  is  asserted  to  be  a 
mixture  of  picric  acid  with  some  material  imparting  to  it 
greater  power  ;  but  accounts  of  accidents  which  have 
occurred  even  quite  recently  in  the  handling  of  shells 
charged  with  that  material  appear  to  show  that,  in  point 
of  safety  or  stability,  it  is  decidedly  inferior  to  simple 
picric  acid.  Reliable  as  the  latter  is,  in  this  resped,  its 
employment  is,  however,  not  unattended  with  the  diffi¬ 
culties  and  risks  which  have  to  be  encountered  in  the  use, 
in  shells,  of  other  especially  violent  explosives.  Future 
experience  in  aCtual  warfare  can  alone  determine  deci¬ 
sively  the  relative  value  of  violent  explosive  agents,  like 
picric  acid  or  wet  gun-cotton,  and  of  the  comparatively 
slow  explosive,  gunpowder,  for  use  in  shells  ;  it  is  certain, 
however,  that  the  latter  still  presents  distind  advantages 
in  some  diredions,  and  that  there  is  no  present  prosped 
of  its  being  more  than  partially  superseded  as  an  explosive 
for  shells. 

With  regard  to  submarine  mines  and  locomotive  torpe¬ 
does,  such  as  those  marvels  of  ingenuity  and  constructive 
skill,  the  Whitehead  and  Brennan  torpedoes,  the  impor¬ 
tant  progress  recently  made  in  the  pradical  development 
of  explosive  agents  has  not  resulted  in  the  provision  of  a 
material  which  equals  wet  compressed  gun-cotton  in  com¬ 
bining  with  great  destructive  power  the  all-important 
essential  of  safety  to  those  who  have  to  deal  with  these 
formidable  weapons  and  to  man  the  small  vessels  which 
have  to  perform  the  very  hazardous  service  of  attacking 
ships  of  war  at  short  distances  by  means  of  locomotive 
torpedoes. 

Although  the  subject  of  the  development  of  explosive 
force  for  purposes  of  war  has  of  late  received  from  workers 
in  applied  science,  from  seekers  of  patentable  inventions, 
and  even  from  the  public  generally,  a  somewhat  predo¬ 
minating  share  of  attention,  considering  that  we  congra¬ 
tulate  ourselves  upon  the  enjoyment  of  a  period  of 
profound  peace,  yet  the  production  of  new  explosive 
agents  for  mining  and  quarrying  purposes,  which  present 
or  lay  claim  to  points  of  superiority  over  the  well- 
established  blasting  agents,  has  been  by  no  means  at  a 
standstill.  For  many  years  the  main  object  sought  to  be 
achieved  in  this  diredion  was  to  surpass,  in  power  or 
adaptability  to  particular  classes  of  work,  the  well-known 
preparations  of  nitroglycerin  and  gun-cotton,  which, 
during  the  past  twenty  years,  have  been  formidable  com¬ 
petitors  and,  in  many  diredions,  absolutely  successful 
rivals  of  black  powder.  It  is  both  interesting  and  satis- 
fadory  to  note,  however,  that  this  objed  has  of  late,  and 
especially  since  the  publication  of  the  results  of  labours 
of  English  and  foreign  Commissions  on  the  causes  of 
mine  accidents,  been  prominently  associated  with  endea¬ 
vours  to  solve  the  important  problems  of  combining,  in 
an  explosive  agent,  efficiency  in  point  of  power  with 
comparative  non-sensitiveness  to  explosion  by  fridion  or 
percussion,  and  of  securing  its  effedive  operation  with 
little  or  no  accompaniment  of  projeded  flame.  Safety- 
dynamites,  flamele^s  explosives,  water-cartiidges,  and 
other  classes  of  materials  and  devices  conneded  with  the 
getting  of  coal,  the  quarrying  of  rock,  or  the  blasting  of 
minerals,  have  claimed  the  attention  of  those  who  guide 
the  miner’s  work  ;  in  some  of  these  diredions  the  pradical 
results  obtained  have  been  beyond  question  important, 


and,  indeed,  conclusive  as  regards  the  great  diminution 
of  risks  to  which  men  need  be  exposed  in  those  coal 
mines  where  the  ordinary  use  of  explosives,  although  not 
altogether  inadmissible,  may  at  times  be  attended  with 
danger.  It  is  to  be  feared  that  those  results  are  still  far 
from  receiving  the  amount  of  application  which  might 
reasonably  be  hoped  for ;  but,  at  any  rate,  there  are, 
among  the  extensive  mining  distrids  where  the  employ¬ 
ment  of  explosives  in  connedion  with  the  getting  of  coal 
cannot  be  dispensed  with,  several  of  importance  where 
the  use  of  gunpowder  has  almost  entirely  given  place  to 
the  adoption  of  blasting-agents  or  methods  of  blasting, 
the  employment  of  which  is  either  not,  or  only  very 
exceptionally,  attended  by  the  projedion  of  flame  or 
incandescent  matter  into  the  air  where  the  shot  is  fired. 

The  mining  public  is  especially  indebted  to  German 
workers  for  much  of  the  success  which  has  been  obtained 
in  this  diredion,  and  also  to  the  eminent  French  autho¬ 
rities,  Mallard  and  Le  Chatelier,  for  their  thorough 
theoretical  and  pradical  investigations  bearing  upon  the 
prevention  of  accidental  ignition  of  fire-damp  during 
blasting  operations.  Having  arrived  at  the  con¬ 
clusion  that  fire-damp-  and  air-mixtures  are  not 
ignited  by  the  firing  of  explosive  preparations  which 
develop  by  their  detonation  temperatures  lower 
than  2220°  C.,  they  found  that  ammonium  nitrate, 
although  in  itself  susceptible  of  detonation,  does  not 
develop  a  higher  temperature  than  1130°  C.,  while  the 
temperature  of  detonation  of  nitroglycerin  and  gun-cotton 
are,  respedively,  3i7o°and  2636°.  The  admixture  of  that 
salt  with  nitroglycerin  or  gun-cotton  in  sufficient  propor¬ 
tion  to  reduce  the  temperature  of  detonation  to  within 
safe  limits  allows,  therefore,  of  the  employment  of  those 
explosive  agents  in  the  presence  of  fire-damp  mixtures 
without  risk  of  accident,  and  this  fad  has  led  to  the 
effedive  use  of  such  mixtures  as  safe  blasting  agents  in  coal. 

Those  who  have  been  content  to  labour  long  and 
arduously  with  the  objeds  steadily  in  view  of  advancing 
our  knowledge  of  the  causes  of  mine  accidents  and  of 
developing  resources  and  measures  for  removing  or  com¬ 
bating  those  causes,  can  cherish  the  convidion  that 
recent  improved  legislation  in  connedion  with  coal  mines, 
based  upon  the  results  of  those  labours,  has  been  already 
produdive  of  decided  benefits  to  the  miner,  even  although 
it  has  fallen  short  of  what  might  reasonably  have  been 
hoped  for  as  an  outcome  of  the  very  definite  results  and 
conclusions  arrived  at  by  the  late  Royal  Commission  on 
Accidents  in  Mines  (in  the  recent  much-lamented  death 
of  whose  universally  respeded  chairman,  my  late  esteemed 
friend  and  colleague,  Sir  Warington  Smyth,  the  scientific 
world  has  sustained  the  loss  of  an  ardent  worker,  and  the 
miner  of  an  invaluable  friend). 

The  fearful  dangers  arising  from  the  accumulation  of 
inflammable  dust  in  coal  mines,  and  the  equality  of  mine 
dust  with  fire-damp  in  its  direful  power  of  propagating 
explosions,  which  may  sometimes  even  be,  in  the  first 
instance,  establishedchiefly  or  entirely  through  its  agency, 
have  now  been  long  recognised  as  beyond  dispute;  and  it 
is  satisfadory  to  know  that  permission  to  fire  shots  in 
mine  workings  which  are  diy  and  dusty  has,  by  recent 
legislation,  been  made  conditional  upon  the  previous 
laying  of  the  dust  by  effedive  watering.  In  some  mining 
distrids,  moreover,  the  purely  voluntary  pradice  has  been 
extensively  adopted  by  mine-owners  ofperiodically  water¬ 
ing  the  main  roads  in  dry  and  dusty  mines,  or  of  fre¬ 
quently  discharging  water-spray  into  the  air  in  such  roads, 
which  must  tend  greatly  to  reduce  the  possible  magnitude 
of  the  disastrous  results  of  a  fire-damp  or  dust-explosion 
in  any  part  of  the  mine  workings. 

The  encouragement  given  to  the  application  of  the 
combined  resources  of  ingenuity,  mechanical  skill,  and 
knowledge  of  scientific  piinciples,  through  the  elaborate, 
but  thoroughly  pradical  comparative  trials  to  which 
almost  every  variety  of  safety  lamp  has,  during  the  last 
few  years,  been  submitted  by  competent  and  conscientious 
experimenters,  has  resulted  in  the  provision  of  lamps  to 
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the  hand  of  the  miner  which  combine  the  essential  quali¬ 
ties  of  safety,  under  the  most  exceptionally  severe  condi¬ 
tions,  with  good  illuminating  power,  simplicity  of 
construction,  lightness,  and  moderate  cost.  Very  important 
progress  has  also  been  made,  since  the  first  appointment 
of  the  late  Accidents  in  Mines  Commission,  towards  the 
provision  of  thoroughly  serviceable  and  safe  portable 
eleCtric  lamps  forusein mines.  Ofthosewhich  have  already 
been  in  the  hands  of  the  miners,  several  have  fairly  ful¬ 
filled  his  requirements  as  regards  size,  weight,  and  illu¬ 
minating  power  of  sufficient  duration  ;  but  much  still 
remains  to  be  accomplished  with  respeCt  to  durability, 
simplicity,  thorough  portability,  and  cost,  before  the  self- 
contained  eleCtric  lamp  can  be  expected  to  compete 
successfully  with  the  greatly  improved  miners’  lamps 
which  are  now  in  use,  or  available. 

The  recent  legislation  in  connection  with  mines  is 
certainly  deficient  in  any  sufficiently  decisive  measure  for 
excluding  from  mine  workings  certain  forms  of  lamps 
which,  while  fairly  safe  in  the  old  days  of  sluggish  venti¬ 
lation,  are  unsafe  in  the  rapid  air-currents  now  frequently 
met  with  in  mines  ;  it  is,  however,  very  satisfactory  to 
know  that  the  strong  representations  on  this  subject, 
made  by  the  late  Commission,  combined  with  force  of 
example  and  with  the  conclusive  demonstration  of  the 
superiority  of  other  lamps,  by  exhaustive  experiments, 
have  led  within  the  last  two  years  to  the  very  general 
abandonment  of  the  unprotected  Davy,  Clanny,  and 
Stephenson  lamps  in  favour,  either  of  simple,  safe,  modi¬ 
fications  of  these,  or  of  other  safe  and  efficient  lamps, 
and  that  one  possible  element  of  danger  to  the  miner  has 
thus  been  eliminated,  at  any  rate  in  many  districts.  In 
one  important  respeCt  recent  improved  legislation  has 
failed  to  effeCt  a  most  desirable  change — namely,  in  the 
substitution  of  safety  lamps  for  naked  lights  in  workings 
where  small  local  accumulations  of  fire-damp  are  dis¬ 
covered  from  time  to  time.  There  appears  little  doubt 
that  one  of  the  three  fearful  explosions  which  have 
occurred  within  the  last  twelve  months — the  explosion  at 
Llanerch  College,  near  Pontypool — was  caused  by  the 
continued  empleyment  of  naked  lights  in  a  mine  where 
inspection  constantly  revealed  the  presence  of  fire-damp. 
This  explosion,  and  two  other  terrible  disasters,  at  Moss- 
field  Colliery,  in  Staffordshire,  and  at  Morfa  Colliery, 
near  Swansea,  which  have  occurred  since  the  last  meeting 
of  the  Association,  may  have  seemed  to  weaken  the  belief 
that  the  operation  of  the  recent  Mines  Regulation  ACt, 
which  was  based  upon  some  of  the  results  of  seven  years’ 
arduous  labour  of  the  late  Mines’  Commission,  must  have 
resulted  in  very  substantial  improvement  in  the  manage¬ 
ment  of  mines  and  in  the  conduct  of  work  by  the  men. 
Happily,  however,  there  is  a  consensus  of  opinion  among 
those  most  competent  to  judge — i.e.,  the  Government 
Mine  Inspectors — that  very  decided  benefits  have  already 
accrued  from  the  operation  of  the  new  Act.  Although 
far  from  embodying  all  that  the  experienced  mine  owners, 
miners,  and  scientific  workers  upon  that  Commission,  as 
well  as  practical  authorities  in  Parliament,  concurred  in 
regarding  as  reasonably  adaptable,  from  the  results  of 
observation  and  experiment,  to  the  furtherance  of  the 
safer  working  of  mines,  this  Act  does  include  measures, 
precautionary  and  preventive,  of  undeniable  utility,  well 
calculated  to  lessen  the  dangers  which  surround  the  miner, 
and  to  add  to  his  personal  comfort  underground.  We 
may  hope,  moreover,  that  the  operation  of  the  ACt  is 
paving  the  way  to  more  comprehensive  legislation  in  the 
near  future  ;  for  it  can  scarcely  be  doubted  by  the  light  of 
recent  sad  experience,  that  there  are  indications  in  which 
both  masters  and  men  still  hesitate  to  adopt,  of  their  own 
free  will,  measures  or  regulations,  methods  of  working  or 
appliances  and  precautions,  which  are  calculated  to  be 
important  additional  safeguards  against  mine  accidents, 
and  which  are  either  left  untouched,  or  only  hesitatingly 
and  imperfectly  dealt  with  in  the  recent  enactments. 

My  labours  upon  the  late  Mines’  Commission  represent 


only  one  of  several  subjects  in  connection  with  which  it 
has  been  my  good  fortune  to  have  opportunities  of  render¬ 
ing  some  slight  public  service  in  directions  contrasting 
with  one  of  the  main  functions  of  my  career,  by  endea¬ 
vouring  to  apply  the  results  of  scientific  research  to  a 
diminution  of  the  risks  to  which  particular  classes  of  the 
community,  or  the  public  at  large,  are  exposed — of  being 
sufferers  by  explosions,  the  results  of  accidents  or  other 
causes. 

During  the  pursuit  of  bread-winning  vocations,  and  even 
in  ordinary  domestic  life,  the  conditions,  as  well  as  the 
materials,  requisite  for  determining  more  or  less  disastrous 
explosions  are  often  ready  to  hand,  and  their  activity  may 
be  evoked  at  any  moment  through  individual  heedlessness 
or  through  pure  accident.  Steam,  or  gases  confined  under 
pressure,  volatile  inflammable  liquids,  combustible  gases, 
or  finely-divided  inflammable  solids,  are  now  all  well 
recognised  as  capable  of  assuming  the  character  of  for¬ 
midable  explosive  agents ;  but  with  respeCt  to  the  three 
last  named,  it  is  only  of  late  that  material  progress  has 
been  made  towards  a  popular  comprehension  and  appre¬ 
ciation  of  the  conditions  conducive  to  danger,  and  of  those 
by  the  fulfilment  of  which  danger  may  be  avoided.  Thus, 
the  causes  of  explosions  in  coal-laden  ships,  together  with 
the  occurrence  of  spontaneous  ignition  in  coal  cargoes, 
another  fruitful  source  of  disaster,  were  made  the  subject 
of  careful  inquiry  some  years  ago  by  a  Royal  Commission, 
upon  which  I  had  the  pleasure  of  working  with  the  late 
Dr.  Percy,  whose  invaluable  labours  for  the  advancement 
of  metallurgic  science  will  always  be  gratefully  remem¬ 
bered.  The  light  thrown  by  that  inquiry  upon  the  causes 
of  those  disasters,  and  upon  the  conditions  to  be  fulfilled 
for  guarding  against  the  accumulations  of  fire-damp,  gra¬ 
dually  escaping  from  occlusion  in  coal,  and  of  heat,  deve¬ 
loped  by  chemical  changes  occurring  in  coal  cargoes,  has 
unquestionably  led  to  an  important  reduction  of  the  risks 
to  which  coal-laden  ships  are  exposed.  Subsequent  offi¬ 
cial  inquiries  and  experimental  investigations,  in  which  I 
took  part  with  the  late  Sir  Warington  Smyth  and  other 
eminent  naval  officers,  consequent  upon  the  loss  of 
II.M.S.  Doterel  through  the  accidental  ignition  of  an 
explosive  mixture  of  petioleum  spirit-vapour  and  air  (and 
other  calamities  in  warships  originating  with  the  gradual 
emission  of  fire-damp  from  coal),  have  resulted  in  the 
adoption  of  efficient  arrangements  for  ventilating  all  spaces 
occupied  by,  and  contiguous  to,  the  large  supplies  of  fuel 
which  these  vessels  have  to  carry. 

The  thorough  investigation,  by  Rankine  and  others,  of 
the  causes  of  explosions  in  flour  mills,  which  in  years 
past  were  so  frequent  and  disastrous,  has  secured  the 
adoption  of  efficient  measures  for  diminishing  the  produc¬ 
tion,  and  the  dissemination  through  channels  and  other 
spaces  in  the  mills,  of  explosive  mixtures  of  flour-dust  and 
air,  and  for  guarding  against  their  accidental  ignition. 
The  numerous  terrible  accidents  caused  by  the  formation 
and  accidental  ignition  of  explosive  mixtures  of  inflam¬ 
mable  vapour  and  air  in  ships  carrying  cargoes  of  petro¬ 
leum  stored  in  barrels  or  in  tanks,  have,  by  the 
investigations  to  which  they  have  given  rise,  led  to  the 
indication  of  effective  precautionary  measures  for  guarding 
against  their  recurrence.  Again,  the  many  distressing 
accidents,  frequently  fatal,  which  have  attended  the 
domestic  use  of  those  valuable  illuminants,  petroleum  and 
mineral  oils  of  kindred  character,  have  been  made  the  sub¬ 
ject  of  exhaustive  investigations,  which  have  demonstrated 
that  these  disasters  may  readily  be  prevented  by  the  em¬ 
ployment  of  lamps  of  proper  construction,  and  by  the 
observance  of  very  simple  precautions  by  the  users  of 
them  ;  and  a  recent  official  inquiry  which  I  have  con¬ 
duced  with  Mr.  Boverton  Redwood  has  furnished  most 
gratifying  proof  that  very  substantial  progress  has  been 
made  within  the  last  few  years  by  lamp  manufacturers  in 
the  voluntary  adoption  of  such  principles  of  construction 
as  we  had  experimentally  demonstrated  to  be  essential  for 
securing  the  safe  use  of  mineral  oils  in  lamps  for  lighting 
and  heating  purposes,  the  employment  of  which  has, 
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within  a  brief  period,  received  enormous  extension  in  this 
and  other  countries. 

The  creation  and  rapid  development  of  the  petroleum 
industry  has,  indeed,  furnished  one  of  the  most  remark¬ 
able  illustrations  which  can  be  cited  of  industrial  progress 
during  the  period  which  has  elapsed  since  the  British 
Association  last  met  in  Leeds.  One  year  after  that  meet¬ 
ing — viz.,  on  August  28,  1859,  the  first  well,  drilled  in  the 
United  States  with  the  objeCt  of  obtaining  petroleum,  was 
successfully  completed,  and  the  rate  of  increase  in  pro¬ 
duction  in  the  Pennsylvania  oil-fields  during  the  succeed¬ 
ing  years  is  shown  by  the  following  figures: — 

In  1859,  5000  barrels  (of  forty-two  American  gallons) 
were  produced.  In  the  following  year  the  production  in¬ 
creased  to  500,000  barrels  ;  while  in  the  next  year  (t86i) 
it  exceeded  2,000,000  barrels,  at  which  figure  it  remained, 
with  slight  fluctuations,  until  1865.  The  supply  then 
continued  to  increase  gradually,  until,  in  1870,  it  reached 
nearly  6,000,000  barrels;  while  in  1874  it  amounted  to 
nearly  11,000,000  barrels.  In  1880  it  amounted  to  over 
26,000,000  barrels,  and  in  1882  it  reached  31,000,000. 
Since  then  the  supply  furnished  by  the  United  States  has 
fallen  somewhat,  and  last  year  it  amounted  to  21,500,000 
barrels.  The  production  of  crude  petroleum  in  the  Penn¬ 
sylvanian  fields,  large  as  it  has  been,  has  not,  however, 
kept  pace  with  the  consumption,  for  we  find  that  the 
accumulated  stocks,  which  on  December  31,  1888, 

amounted  to  over  18,000,000  barrels,  had  become  reduced 
to  about  11,000,000  barrels  at  the  close  of  last  year.  At 
this  rate  the  surplus  stock  above  ground  will  have  vanished 
by  the  end  of  the  current  year.  In  addition  to  the  petro¬ 
leum  raised  in  Pennsylvania,  there  is  now  a  very  large 
production  in  the  State  of  Ohio  ;  but  this  has  not  as  yet 
been  employed  as  a  source  of  lamp-oil ;  it  is,  however, 
transported  by  pipe  line  in  great  quantities  to  Chicago,  for 
use  as  liquid  fuel  in  industrial  operations. 

A  few  years  after  the  development  of  the  United  States 
petroleum  industry,  the  production  of  crude  petroleum  in 
Russia  also  began  to  extend  very  rapidly.  P'or  more,  than 
2500  years  Baku,  on  the  borders  of  the  Caspian  Sea,  has 
been  celebrated  for  its  naphtha  springs  and  for  the  per¬ 
petual  flames  of  the  Fire  Worshippers,  fed  by  the  mar¬ 
vellous  subterranean  supplies  of  natural  gas.  To  a 
limited  extent  neighbouring  nations  appear  to  have 
availed  themselves  of  the  vast  supplies  of  mineral  oil  at 
Baku  during  the  past  one  thousand  years.  By  the  thir¬ 
teenth  century  the  export  of  the  crude  oil  had  already 
become  somewhat  extensive,  but  the  production  of 
petroleum  from  it  by  distillation  is  of  comparatively  recent 
date.  In  1863  the  supplies  of  petroleum  from  the  Baku 
district  amounted  to  5018  tons  ;  they  increased  to  some¬ 
what  more  than  double  during  the  succeeding  five  years. 
In  1869  and  following  three  years  the  production  reached 
about  27,000  tons  annually,  and  in  1873  it  was  about 
64,000  tons  ;  three  years  later,  153,000  tons  were  pro¬ 
duced,  and  in  the  following  five  years  there  was  a  steady 
annual  increase,  until,  in  1882,  the  production  amounted 
to  677,269  tons  ;  in  1884  it  considerably  exceeded  1,000,000 
tons,  and  last  year  it  had  reached  the  figure  of  about 
3,300,000  tons.  The  consumption  of  crude  petroleum  as 
fuel  for  locomotive  purposes  has,  moreover,  now  assumed 
very  large  proportions  in  Russia,  and  many  millions  of 
gallons  are  annually  consumed  in  working  the  vast  system 
of  railways  on  both  sides  of  the  Caspian  Sea. 

The  imported  refined  petroleum  used  in  this  country  in 
lamps  for  lighting,  heating,  and  cooking,  was  exclusively 
American  until  within  the  last  few  years,  but  a  very  large 
proportion  of  present  supplies  comes  from  Russia.  The 
imports  of  kerosene  into  London  and  the  chief  ports  of 
the  United  Kingdom  during  1889  amounted  to  1,116,205 
barrels  of  United  States  oil,  and  771,227  barrels  of  Russian 
oil.  During  the  same  period  the  out-turn  of  mineral  oil 
for  use  in  lamps  by  the  Scottish  Shale  Oil  Companies 
probably  amounted  to  about  500,000  barrels. 

Another  important  feature  connected  with  the  develop¬ 
ment  of  the  petroleum  industry  is  the  great  extent  to 


which  the  less  volatile  products  of  its  distillation  have 
replaced  vegetable  and  animal  oils  and  fats  for  lubricating 
purposes  in  this  and  other  countries.  The  value  of 
petroleum  as  a  liquid  fuel  and  as  a  source  of  gas  for  illu¬ 
minating  purposes  has,  moreover,  been  long  since  recog¬ 
nised,  as  it  is  probable  that  one  outcome  of  the  attention 
which  is  now  being  given  to  the  hitherto  unworked 
deposits  of  petroleum  in  the  East  and  West  Indies,  South 
America,  and  elsewhere,  will  be  a  very  large  increase  in 
its  application  to  these  purposes.  In  the  East  Indies 
there  are  vast  traCts  of  oil-fields  in  Burmah,  Baluchistan, 
Assam,  and  the  Punjab.  The  native  Rangoon  oil  industry 
is  one  of  great  antiquity,  although  the  oil  was  only  used 
in  the  crude  condition  until  about  thirty-five  years  ago,  at 
which  time  Dr.  Hugo  Muller,  with  the  late  Warren  De  la 
Rue,  whose  many  sided  labours  and  generous  benefactions 
have  so  importantly  contributed  to  the  advancement  of 
science,  made  valuable  researches  on  the  products  fur¬ 
nished  by  crude  oil  imported  from  Rangoon.  The  resources 
of  the  oil-fields  of  Upper  Burmah,  especially  of  the 
district  of  Yenangyoung  (or  creek  of  stinking  water),  have 
since  then  been  developed  by  British  enterprise,  and  have 
attained  to  considerable  importance  since  our  annexation 
of  Upper  Burmah. 

The  great  extension  of  the  petroleum  trade  is  gradually 
leading  to  very  important  improvements  in  the  system  of 
transport  of  the  material  over  water  and  on  land.  Until 
recently  this  has  been  carried  out  entirely  in  barrels  and 
tin  cases  ;  the  consequent  great  loss  from  leakage  and 
evaporation,  accompanied  by  risk  of  accident,  is  now 
becoming  much  reduced  by  the  rapidly  increasing 
employment  of  tank  steamers,  which  transport  the  oil  in 
bulk.  Tank  railway  wagons  have  for  some  time  past 
been  in  use  in  Russia,  and  there  is  prospeCt  of  these  and 
of  tank  barges  being  adopted  here  for  the  distribution  of 
the  oil ;  while  in  London,  the  practice  is  already  spreading 
gradually  of  distributing  supplies  to  tradesmen  from  tank 
road  wagons.  Some  considerable  doubt  as  to  whether 
the  risk  of  accident  has  not  rather  been  altered  in  character 
than  actually  reduced  by  the  new  system  of  transport,  has 
not  unnaturally  been  engendered  in  the  public  mind  by 
the  occurrence  within  a  comparatively  short  period  of 
several  serious  disasters  during  the  discharge  of  cargoes 
from  tank  vessels.  The  memorable  explosion  which  took 
place  in  October,  1888,  on  board  the  Ville  de  Calais,  in 
Calais  Harbour,  with  widespread,  destructive  effects,  was 
followed  by  a  similarly  serious  explosion  in  the  Fergusons, 
at  Rouen,  last  December,  and,  more  recently,  by  a  fire  of 
somewhat  destructive  character  at  Sunderland,  resulting 
from  the  discharge  into  the  river  of  petroleum  residues 
from  a  ship’s  tanks.  In  all  these  cases  the  petroleum  was 
of  a  nature  to  allow  inflammable  vapour  to  escape  readily 
from  the  liquid,  so  that  an  explosive  mixture  could  be 
rapidly  formed  by  its  copious  diffusion  through  the  air. 
No  similar  casualty  has  been  brought  to  notice  as  having 
happened  to  tank  ships  carrying  petroleum  oil  of  which 
the  volatility  is  in  accordance  with  our  legal  requirements, 
and  this  points  to  the  prudence  of  restricting  the  applica¬ 
tion  of  the  tank  system  to  the  transport  and  distribution 
of  such  petroleum  as  complies  with  well-established 
conditions  of  safety. 

Another  most  remarkable  feature  connected  with  the 
development  of  the  petroleum  industry  is  presented  by 
the  utilisation  within  the  last  few  years  of  the  vast 
supplies  of  natural  inflammable  gas  furnished  by  the  oil¬ 
fields. 

In  America  this  remarkable  gas  supply  was  for  a  long 
time  only  used  locally,  but  before  the  close  of  1885  its 
conveyance  to  a  distance  by  pipes,  for  illuminating  and 
heating  purposes,  had  assumed  large  proportions,  one  of 
the  companies  in  Pittsburgh  having  alone  laid  335  miles 
of  pipes  of  various  sizes,  through  which  gas  was  supplied 
equivalent  in  heating  value  to  3,650,000  tons  of  coal  per 
annum.  Since  then  the  consumption  in  and  around 
Pittsburgh  has  probably  been  at  least  tripled.  At  the 
close  of  1886  six  different  companies  were  conveying 
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natural  gas  by  pipes  to  Pittsburgh  from  107  wells;  500 
miles  of  pipe  ranging  in  diameter  from  30  inches  to  3 
inches,  were  used  by  these  companies,  232  miles  of  which 
were  laid  within  Pittsburgh  itself.  The  Philadelphia 
Company,  the  most  important  of  these  associations,  then 
owned  the  gas  supply  from  54,000  acres  of  land  situated 
on  all  the  anti-clinals  around  Pittsburgh,  but  drew  its 
supplies  only  from  Tarentum  and  the  Murraysville  field. 

It  supplied,  in  1886,  470  factories  and  about  5000  dwel¬ 
lings  within  the  city,  besides  many  factories  and  dwellings 
in  Alleghany,  and  in  numerous  neighbouring  villages. 
The  average  gas  pressure  at  the  wells,  when  the  escape 
is  shut  off,  is  about  500  lbs.  per  square  inch,  and  in  the 
case  of  new  wells  this  pressure  is  very  greatly  exceeded. 
In  order  to  minimise  the  danger  from  leakage,  the  gas- 
pressure  in  the  city  is  reduced  to  a  maximum  of  13  lbs., 
and  is  regulated  by  valves  at  a  number  of  stations  under 
the  control  of  a  central  station.  The  usual  pressure  in 
the  larger  lines  is  from  6  to  8  lbs.,  while  in  the  low 
pressure  lines  it  does  not  exceed  4  to  5  ounces. 

The  effetft  of  the  change  from  coal  gas  to  natural  gas 
upon  the  atmosphere  over  Pittsburgh  has  been  most 
marked :  formerly  the  sky  was  constantly  obscured  by  a 
canopy  of  dense  smoke ;  now  the  atmosphere  is  clear, 
and  even  white  paint  may  with  impunity  be  employed  for 
the  house  fronts. 

The  very  rapid  development  of  the  employment  of 
natural  gas  is  not  confined  to  the  neighbourhood  of  Pitts¬ 
burgh  ;  it  is  used  for  heating  purposes  in  the  cities  of 
Buffalo,  Erie,  Jamestown,  Warren,  Olean,  Bradford,  Oil 
City,  Titusville,  Meadville,  Youngstown,  and  perhaps 
twenty  more  towns  and  villages  in  Pennsylvania  and 
North-Western  New  York.  In  North-Western  Ohio,  the 
cities  of  Toledo  and  Sandusky,  the  towns  of  Findlay, 
Li  ma,  Tiffin,  Fostoria,  and  others  in  that  se&ion  are  also 
supplied  with  natural  gas  ;  a  pipe  line  has  moreover  been 
recently  laid  to  Detroit,  Mich.,  and  it  is  estimated  that  in 
these  localities  36,131,669,000  cubic  feet  of  the  gas  were 
consumed  during  last  year,  displacing  1,802,500  tons  of 
coal.  To  the  south-west  of  Pittsburgh  there  are  many 
smaller  places  which  consume  natural  gas  ;  it  also  occurs 
in  considerable  quantity,  and  is  being  utilised,  in  Indiana 
(whence  an  account  has  recently  reached  us  of  a  terrific 
subterranean  explosion  of  the  gas)  ;  and  it  is  at  the 
present  time  contemplated  to  carry  a  natural  gas  supply 
to  Chicago. 

The  utilisation  of  the  natural  gas  of  the  Russian  oil 
fields,  although  of  a  very  ancient  date,  has  hitherto  not 
been  extensive,  neither  does  the  magnitude  of  the  supply 
appear  to  bear  comparison  with  that  of  the  Pennsylvanian 
district. 

A  form  of  gaseous  fuel  which  has  long  been  known  to 
technical  chemists  and  metallurgists,  but  which  has  of 
late  attracted  considerable  attention,  especially  in  con¬ 
nection  with  the  recent  interesting  work  relating  to  its 
applications  pursued  by  Mr.  Samson  Fox,  of  Leeds,  has 
become,  within  the  last  four  years,  a  competitor  in  the 
United  States,  both  of  the  natural  gas  of  Pennsylvania 
and  of  coal  gas.  Since  Felix  Fontana  first  produced  so- 
called  water-gas  in  1780,  by  passing  vapour  of  water  over 
highly  heated  fuel,  many  methods,  differing  chiefly  in 
small  details,  have  been  proposed  for  carrying  out  the 
operation,  with  a  view  to  the  ready  and  cheap  production 
of  the  resulting  mixture  of  hydrogen  and  carbonic  oxide, 
and  numerous  technical  applications  of  water-gas  have 
been  suggested  from  time  to  time,  with  no  very  im¬ 
portant  results,  excepting  as  regards  its  use  for 
lighting  purposes.  Being  of  itself  non-luminous,  its 
utilisation  in  this  direction  is  accomplished,  either  by 
mixing  it  with  a  highly  luminous  gas,  or  by  causing 
a  hydrocarbon  vapour  to  be  diffused  through  it,  or  the 
non-luminous  flame,  produced  by  burning  it  in  the  air,  is 
made  to  raise  to  incandescence  some  suitably  prepared 
solid  substance,  such  as  magnesia,  lime,  a  zirconium  salt, 
or  platinum,  whereby  bright  light  is  emitted.  The  objection 
to  its  employment  as  an  illuminant  for  use  in  buildings, 


to  which  great  weight  is  attached  by  us,  and  rightly,  as 
sad  experience  has  shown — viz.,  that,  as  it  consists,  to  the 
extent  of  about  one-half  its  volume,  of  the  highly  poisonous 
gas  carbonic  oxide,  the  atmosphere  in  a  confined  space 
may  be  rendered  irrespirable  by  a  small  accidental  con¬ 
tamination  with  water-gas,  by  leakage  or  otherwise,  not 
detectable  by  any  odour— appears  to  constitute  no  great 
impediment  to  its  employment  in  the  United  States,  as  it 
is  now  manufactured  for  illuminating  and  heating  pur¬ 
poses  by  a  large  proportion  of  their  gasworks,  being  in 
some  places  employed  in  admixture  with  a  highly 
luminous  coal-gas,  in  others  rendered  luminous  by  the 
alternative  methods  mentioned.  It  is  stated  that  about 
three-fourths  of  the  illuminating  gas  now  supplied  to  the 
cities  of  New  York,  Brooklyn,  Philadelphia,  Jersey,  St. 
Paul,  and  Minneapolis,  is  carburetted  water  gas;  in 
Chicago  the  entire  supply  now  consists  of  this  gas,  and 
Boston  will  also  soon  be  supplied  exclusively  with  it. 
The  use  of  water-gas  for  metallurgic  work  does  not  appear 
to  be  contemplated  in  the  United  States,  but  it  is  especially 
to  such  applications  of  the  gas  that  much  attention  has 
been  devoted  here  in  Leeds ;  and  although  some  eminent 
experts  are  sceptical  regarding  the  attainment  of  advan¬ 
tages,  especially  from  an  economical  point  of  view,  by  the 
employment  of  this  form  of  gaseous  fuel,  especially  after 
practical  experience  in  the  same  direction  acquired  in 
Germany,  the  technical  world  must  feel  grateful  to  Mr. 
Fox  for  his  work  in  this  direction,  affording,  as  it  does,  an 
interesting  illustration  of  the  qualities  of  perseverance 
and  energy  which,  when  combined  with  sound  knowledge, 
often  achieve  success  in  directions  that  have  long  appeared 
most  unpromising — qualities  which  have  been  character¬ 
istic  of  many  pioneers  in  industrial  progress  in  this 
country. 

Leeds  has  been  especially  fortunate  in  the  possession 
of  such  pioneers  who,  when  competition  brought  about 
great  changes  in  the  particular  trade  through  which,  for 
many  generations,  this  city  chiefly  enjoyed  prosperity  and 
high  renown,  developed  its  power  and  resources  in  new 
directions,  from  which  success  soon  flowed  in  continually 
increasing  measure.  The  rapid  rise  of  Leeds  to  its 
present  high  position  in  industrial  prosperity  and  national 
importance  most  probably  dates  from  the  period  when  its 
chief  staple  industry  began  to  experience  serious  rivalry, 
in  its  own  peculiar  achievements,  on  the  part  of  other 
districts  of  the  kingdom  and  of  other  countries.  From 
early  days  a  flourishing  Centre  of  one  of  the  provinces  of 
Great  Britain  most  richly  endowed  with  some  of  Nature’s 
best  treasures,  Leeds  could  scarcely  have  failed,  through 
the  energy,  acute  intelligence,  and  powerful  self-reliance 
especially  characteristic  of  the  men  of  Yorkshire,  to 
rapidly  acquire  fresh  renown  in  connection  with  industries 
which  either  were  new  to  the  town  and  district,  or  had 
been  pursued  in  comparatively  modest  fashion,  and  which 
have  combined  to  place  the  Leeds  of  to  day  upon  a  higher 
pinnacle  of  commercial  prosperity,  power,  and  influence 
than  her  patriotic  citizens  of  old  could  ever  have  dreamt 
of. 

An  examination  into  the  present  educational  resources  of 
Leeds  places  beyond  any  doubt  the  faCt  that  her  present 
prosperity  in  commerce  and  industries  is  in  no  small 
degree  ascribable  to  the  paramount  importance  long  since 
attached  here  to  the  liberal  provision  of  facilities  for  the 
diffusion  of  knowledge  among  the  artizan  and  industrial 
classes,  and  especially  for  the  acquisition  of  a  sound 
acquaintance  with  the  principles  of  the  sciences  and  their 
applications  to  technical  purposes,  with  particular  refer¬ 
ence  to  the  prominent  local  industries,  by  all  grades  of 
those  who  pursue  or  intend  to  pursue  them.  There  is, 
probably,  no  town  in  the  kingdom  more  amply  provided 
with  efficient  elementary  and  advanced  schools  for  both 
sexes,  while  the  special  requirements  of  the  artisan  are 
efficiently  met  by  the  prosperous  School  of  Science  and 
Technology.  The  resources  of  the  Yorkshire  College 
provide,  in  addition  a  combination  of  thorough  scientific 
education  with  really  practical  training  in  the  more 
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important  local  industries ;  indeed,  during  the  sixteen 
years  of  its  continually  progressive  work,  this  institution 
has  acquired  so  widespread  a  reputation  that  students 
come  from  abroad  to  reap  the  advantages  afforded  by  the 
unrivalled  textile  and  dyeing  departments  of  the  Leeds 
College.  The  keen  competition  now  existing  between 
these  departments  and  the  corresponding  branches  of  the 
much  younger  but  most  vigorous  sister  College  at  Brad¬ 
ford,  can  only  conduce  to  the  further  development  of  both, 
and  to  their  thorough  maintenance  up  to  the  requirements 
of  the  day. 

The  very  important  pecuniary  aid  afforded  to  these 
establishments,  and  to  a  number  of  other  technical  schools 
in  Yorkshire,  by  one  of  the  most  important  of  the  ancient 
companies  of  the  City  of  London,  the  Clothworkers, 
affords  an  interesting  illustration  of  the  good  work  in  the 
cause  of  education  performed  by  those  Guilds  and, 
especially  of  late  years,  by  means  of  their  flourishing 
Institute  for  the  advancement  of  technical  education 
which,  through  its  two  great  instructional  establish¬ 
ments  in  London,  and  through  the  operation  of 
its  system  of  examinations  throughout  the  country, 
extending  now  even  to  the  Colonies,  has  afforded  very 
important  aid  towards  eradicating  the  one  great  great  blot 
upon  our  national  educational  organisation.  To  have 
been  first  in  the  field  in  pra&icaliy  developing  a  far- 
reaching  scheme  for  the  advancement  of  technical  educa¬ 
tion  in  this  country  must  continue  to  be  a  source  of  pride 
to  the  City  of  London  and  its  ancient  Guilds  in  time  to 
come,  when  the  operation  of  efficient  legislation,  supported 
and  extended  by  patriotic  munificence  and  by  the  hearty 
co-operation  of  associations  of  earnest  and  competent 
workers  in  the  cause,  shall  have  placed  the  machinery  and 
resources  for  the  technical  instruction  of  the  people  upon 
a  footing  commensurate  with  ourposition  among  Nations. 

The  remarkable  Address  delivered  by  Owen  here  in 
1858,  wherein  the  condition,  at  that  time,  of  those  branches 
of  natural  science  which  he  had  made  particularly  his  own 
was  most  comprehensively  reviewed,  included  some 
specially  interesting  observations  on  the  importance  to 
the  cultivation  and  progress  of  the  natural  sciences,  and 
to  the  advancement  of  education  of  the  masses  of  this 
country,  of  providing  adequate  space  and  resources  for  the 
proper  development  of  our  National  Museum  of  Natural 
History  ;  and  it  cannot  but  be  a  source  of  great  satisfaction 
and  pride  to  him  to  have  lived  to  witness  the  thoroughly 
successful  realisation  of  the  objects  of  his  own  indefati¬ 
gable  strivings  and  powerful  advocacy  in  that  direction. 
Comprehensive  as  were  the  views  adopted  by  Owen 
regarding  the  scope  and  possible  extension  of  that 
museum,  it  may,  however,  be  doubted  whether  they  ever 
embraced  so  extensive  a  field  as  was  presented  for  our 
contemplation  by  his  successor  last  year,  when  he  told  us 
that  a  natural  history  museum  should,  in  its  widest  and 
truest  sense,  represent  so  far  as  they  can  be  illustrated  by 
museum  specimens,  all  the  sciences  which  deal  with 
natural  phenomena,  and  that  the  difficulties  of  fitly 
illustrating  them  have  probably  alone  excluded  such 
subjects  as  astronomy,  physics,  chemistry,  and  physiology, 
from  occupying  departments  in  our  National  Museum  of 
Natural  History. 

The  application,  in  its  broadest  signification,  of  the 
title  Natural  History  Museum  may  doubtless  be  considered 
to  include,  not  only  illustrations  and  examples  of  the 
marvellous  works  of  the  Creator  and  of  the  results  of 
man’s  labours  in  tracing  their  intimate  history  and  their 
relations  to  each  other,  but  also  illustrations  of  the  means 
employed,  and  of  the  results  attained,  by  man  in  his 
strivings  to  fathom  and  unravel  the  laws  by  which  the 
domains  of  Nature  are  governed.  But,  the  reason  why 
representative  collections,  illustrative  of  the  physical 
sciences,  do  not  form  part  of  our  National  Natural 
History  Museum,  has,  I  venture  to  think,  scarcely  been 
correCtly  ascribable  to  any  difficulty  of  organising  fit 
illustrations  of  methods  of  investigation,  of  the  attendant 


appliances,  and  of  the  results  attained  by  experimental 
research ;  it  appears  rather  to  exist  in  the  faCt  that 
physical  science  has  hitherto  had  no  share  in  such  a 
combination  of  circumstances  as  has  been  favourable  to 
the  good  fortunes  and  advancement  of  the  natural 
sciences,  and  is  analogous  to  those  which,  from  time  to 
time,  give  rise  to  the  provision  of  increased  accommoda¬ 
tion  for  our  National  Art  Treasures.  Our  present 
National  Science  Collection,  which  has,  indeed,  had  a 
struggle  for  existence,  does  not  owe  the  development  it 
has  hitherto  experienced  to  any  such  moral  pressure  as 
has  been  several  times  exercised  in  the  case  of  our  art 
collections,  by  the  munificence  of  individuals,  with  the 
result  of  securing  substantial  aid  from  national  resources  ; 
its  gradual  increase  in  importance  ha  s  been  due  to  the 
untiring  perseverance  of  men  of  science,  and  of  a  few 
prominent  influential  and  public  spirited  authorities,  in 
keeping  before  the  public  the  lessons  taught  by  careful 
inquiries,  such  as  those  entrusted  to  the  Royal  Commis¬ 
sion  on  Scientific  Instruction,  into  the  opportunities 
afforded  for  the  cultivation  of  science  and  the  development 
of  its  applications,  in  other  countries,  as  compared  with 
those  provided  here. 

The  success  of  the  efforts  made  in  1875  by  a  committee 
thoroughly  representative  of  every  branch  of  experimental 
science  to  bring  together  in  London  an  international  loan 
collection  of  scientific  apparatus,  and  the  widespread 
interest  excited  by  that  collection,  led  the  President  of  the 
Royal  Society,  in  union  with  many  distinguished  repre¬ 
sentatives  of  science,  to  lay  before  our  Department  of 
Education  a  proposal  to  establish  a  national  museum  of 
pure  and  applied  science,  including  the  Museum  of 
Inventions,  which  had  already  existed  since  i860  as  a 
nucleus  of  a  science  museum,  the  establishment  whereof 
had  formed  part  of  the  original  scheme  of  the  Science  and 
Art  Department.  The  Loan  Collection  of  1876  did,  in  faCt, 
and  in  consequence  of  the  urgent  representations  then 
made,  firstput  into  practical  shape  the  long  cherished  desire 
of  men  of  science  to  see  an  Institution  arise  in  England 
similar  to  the  Conservatoire  des  Arts  et  Metiers  of  France, 
and  it  became  the  starting  point  of  the  National  Collec¬ 
tion  representative  of  the  several  brances  of  experimental 
science,  which  has  been  undergoing  slow  but  steady 
development  since  that  time,  patiently  awaiting  the 
provision  of  a  suitable  home  for  its  contents.  This 
collection,  which  illustrates  not  only  the  means  whereby 
the  triumphs  of  scientific  research  have  been  and  are 
achieved,  but  also  the  methods  by  which  these  depart¬ 
ments  of  science  are  taught,  yields,  small  as  it  is,  to 
none  of  our  national  museum  treasures  in  interest  and 
importance. 

In  yet  another  way  did  that  Loan  Collection  become 
illustrious  :  one  of  the  most  interesting  features  connected 
with  it  was  the  organisation  of  a  series  of  important  con¬ 
ferences  and  explanatory  lectures,  serving  to  illustrate, 
and  also  greatly  to  enhance,  its  value,  and  affording  most 
invaluable  demonstration  of  the  way  in  which  such  col¬ 
lections  must  exercise  direct  influence  upon  the  advance¬ 
ment  of  science  and  upon  the  diffusion  of  scientific  know¬ 
ledge.  These  lectures  and  conferences  demonstrated  the 
wisdom  of  the  suggestion  made  by  the  illustrious 
representative  of  associated  Science  in  Leeds  eighteen 
years  previously,  that  public  access  to  museums  should 
be  combined  with  the  delivery  of  lectures  emphasising  and 
amplifying  the  information  afforded  by  their  contents. 
The  example  there  set  of  thoroughly  utilising  for  instruc¬ 
tional  purposes,  and  for  the  advancement  of  science,  a 
collection  illustrative  of  the  physical  sciences,  has  since 
been  followed  by  the  Science  and  Art  Department; 
illustrative  leCtures  connected  with  the  existing  nucleus 
of  a  national  science  collection  therewith  have  been 
delivered  from  time  to  time,  and  the  objects  in  the  collec¬ 
tion  are  constantly  utilised  in  the  courses  of  instruction  of 
the  adjoining  Normal  School  of  Science. 

Although  the  national  importance  of  thoroughly 
representative  and  continuously  maintained  science 
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collections  has  long  been  manifest,  not  only  to  all  workers 
in  science,  but  also  to  all  who  have  cared  to  enquire,  even 
superficially,  into  the  influence  of  the  cultivation  of 
science  upon  the  industrial  and  commercial  prosperity  of 
the  country,  the  labours  of  a  Royal  Commission  and  of 
successive  Committees,  in  demonstrating  the  necessity 
for  the  provision  of  adequate  accommodation  for  such 
collections,  and  for  their  support  upon  the  basis  of  that 
afforded  to  the  natural  history  collections,  have  been  very 
long  in  bearing  fruit.  However,  lovers  of  science,  and 
those  who  have  the  prosperity  of  the  country  near  at 
heart,  have  at  length  cause  for  rejoicing  at  the  acquisition 
by  the  Nation  of  a  site  in  all  respeCts  suitable  and 
adequate  for  the  accommodation  of  the  science  collections, 
which,  as  soon  as  appropiate  buildings  are  provided  for 
their  reception,  will  not  fail,  in  comprehensiveness  and 
completeness,  to  become  worthy  of  a  Country  which  has 
been  the  birthplace  of  many  of  the  most  important 
discoveries  in  science,  and  of  a  People  who  have  led  the 
van  among  all  Nations  in  making  the  achievements  of 
science  subservient  to  the  advancement  of  industries  and 
commerce.  . 

The  site  selected  as  the  permanent  home  of  our  National 
Science  Collections  is  immediately  in  rear  of  the  Natural 
History  Museum,  and  faces  the  stately  edifice,  now 
rapidly  progressing  towards  completion,  for  the  erection 
of  which,  as  an  Imperial  memorial  of  the  Queen’s  Jubilee, 
funds  were  provided  by  voluntary  contributions  from  every 
portion  of  the  Empire  and  every  class  in  the  Empire’s 
Nations.  The  Imperial  Institute,  the  conception  of 
which  we  owe  to  His  Royal  Highness  the  Prince  of 
Wales,  occupies  a  central  position  among  buildings 
devoted  to  the  illustration  and  cultivation  of  pure  and 
applied  Science  and  of  the  Arts — i.e.,  the  Normal  School 
of  Science,  the  Technical  College  of  the  City  and  Guilds 
of  London,  the  National  Schools  of  Art,  the  Science 
Museum,  the  South  Kensington  Museum,  and  the  Royal 
College  of  Music  ;  to  which  we  may  ere  long  see  added  a 
National  Gallery  of  representative  British  Art.  A  more 
fitting  location  could  scarcely  be  conceived  for  this  pre¬ 
eminently  National  Institution,  which  has  for  its  main 
objedts  the  comprehensive  and  continuously  progressive 
illustration :  of  the  practical  applications  of  the  vast 
resources  presented  by  the  Animal,  Vegetable,  and 
Mineral  Kingdoms  to  Industries  and  the  Arts  ;  of  the 
extent  and  the  progressive  opening  of  those  resources  in  all 
parts  of  the  Empire;  of  the  practical  achievements 
emanating  from  the  results  of  scientific  research  ;  and  of 
the  utilisation  of  the  Arts  for  the  purposes  of  daily  life. 
With  the  attainment  of  these  objedts  it  will  be  the  fundtion 
of  the  Imperial  Institute  to  combine  the  continuous 
elaboration  of  systematic  measures  tending  to  stimulate 
progress  in  trades  and  handicrafts,  and  to  foster  a  spirit 
of  emulation  among  the  artizan  and  industrial  classes. 
Another  branch  of  the  Institute’s  work,  upon  which  it  is 
already  engaged,  is  the  systematic  colledtion  of  data 
relating  to  the  natural  history,  commercial  geography, 
and  resources  of  every  part  of  the  empire,  for  wide  dis¬ 
semination  together  with  all  current  information,  bearing 
upon  the  commerce  and  industries  of  the  Empire  and  01 
other  Countries,  which  can  be  comprised  under  the  head 
of  Commercial  Intelligence.  The  achievement  of  these 
objedts  should  obviously  tend  to  maintain  intimate  inter¬ 
course,  relationship,  and  co-operation  between  the  great 
Home  and  Colonial  centres  of  Commerce,  Industries,  and 
Education,  and  to  enhance  importantly  our  power  of 
competing  successfully  in  the  great  struggle,  in  which 
Nations  are  continuously  engaged,  for  supremacy  in 
commercial  and  industrial  enterprise  and  prosperity. 

To  the  elaboration  of  the  pradtical  details  of  a  system 
of  operation  calculated  to  secure  the  objedts  I  have 
indicated,  eminent  public  spirited  men  are  now  devoting 
their  best  energies,  with  the  sanguine  expedtation  of 
realising  the  hope  cherished  by  the  Royal  Founder  of  the 
Imperial  Institute,  that  this  memorial  of  the  completion, 
by  our  beloved  Sovereign,  of  fifty  years  of  a  wise  and 
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prosperous  reign,  is  destined  to  be  one  ofthe  most  important 
bulworks  of  this  County,  its  Colonies  and  Dependencies, 
by  becoming  a  great  centre  of  operations,  ceaselessly 
adtive  in  fostering  the  unity,  and  developing  the  resources, 
and  thus  maintaining  and  increasing  the  power  and  pros* 
perity,  of  our  Empire. 


CORRESPONDENCE. 


ELECTRO  -  DEPOSITION  OF  SILVER. 

To  the  Editor  of  the  Chemical  News. 

Sir,— I  had  occasion  recently  to  prepare  a  conduding  sur¬ 
face  on  plaster  casts  for  coating  with  copper  by  eledtrical 
deposit ;  the  ordinary  method  of  obtaining  a  deposit  of 
finely-divided  silver  seemed  rather  lengthy,  especially 
as  it  necessitated  soaking  the  cast  in  wax.  A  good 
deposit  of  silver  may  be  obtained  by  a  somewhat  simpler 
mode  of  procedure  if  the  cast  be  moistened  with  water 
and  brushed  over  with  a  solution  of  silver  nitrate  ;  it  is 
then  allowed  to  come  into  contadt  with  antimoniuretted  or 
arseniuretted  hydrogen,  which  can  readily  be  prepared  by 
adding  compounds  of  antimony  or  arsenic  to  a  flask  in 
which  hydrogen  is  being  evolved  from  lime  and  dilute 
sulphuric  acid.  An  instant  deposit  of  Ag3Sb  occurs, 
which  is  an  excellent  condudtor. 

It  is  advisable  to  have  the  flask.in  a  draft  cupboard,  as 
the  hydrogen  compounds  of  antimony  and  arsenic  are 
very  poisonous. — I  am,  &c., 

S.  Ernest  Linden. 

Oakfield,  Buckhurst  Hill,  N.E., 

August  27,  1890. 


MISCELLANEOUS. 

British  Association  for  the  Advancement  of 
Science.— The  following  are  the  names  of  the  Officers 
and  Committee  of  Sedtion  B  (Chemical  Science)  of  the 
Leeds  Meeting  of  the  British  Association 

President  —  Professor  T.  E.  Thorpe,  B.Sc.,  Ph.D., 
F.R.S.,  Treas.C.S. 

Vice-Presidents— Professor  P.  Phillips  Bedson,  D.Sc., 
F.C.S. ;  Professor  H.  B.  Dixon,  M.A.,  F.R.S.,  F.C.S.  ; 
J.  H.  Gladstone,  Ph.D.,  F.R.S.;  Professor  G.  H. 
Liveing,  M.A.,  F.R.S. ;  Dr.  W.  H.  Perkin,  F.R.S.  ;  Sir 
H.  E.  Roscoe,  D.C.L.,  F.R.S.;  Dr.  Schunck,  F.R.S.; 
Professor  A.  Smithells,  B.Sc.,  Ph.D.,  LL.D.,  F.R.S., 

pcs 

Secretaries  —  C.  H.  Bothamley,  F.C.S.,  F.I.C. ;  H. 
Forster  Morley,  M.A.,  D.Sc.,  F.C.S.  (Recorder)-,  Dr.  D. 
H.  Nagel,  M.A.;  Dr.  W.  W.  J.  Nicol,  M.A.,  F.R.S. E. 

Committee— A.  H.  Allen  ;  Professor  H.  E.  Armstrong, 
F.R.S.;  R.  W.  Atkinson;  Dr.  Vidtor  Auger;  Dr.  G.  H. 
Bailey;  Professor  F.  Clowes  ;  George  Duncan  ;  Professor 
W.  R.  Dunstan;  T.  Fairley;  A.  E.  Fletcher;  Professor 
P.  F.  Frankland  ;  Professor  W.  Noel  Hartley,  F.R.S.  ; 
A.  G.  V.  Harcourt,  F.R.S.;  Professor  Van’t  Hoff; 
Professor  J.  J.  Hummel;  B.  P.  Lascelles ;  Professor  H. 
M‘Leod,  F.R.S.  ;  Sydney  Lupton  ;  Dr.  Stevenson 
Macadam  ;  Professor  R.  Meldola,  F.R.S.  ;  M.  M.  P. 
Muir;  Professor  W.  Ostwald ;  Dr.  A.  Pauli;  Professor 
W.  H.  Perkin,  F.R.S. ;  S.  U.  Pickering,  F.R.S.  ;  Professor 
W.  Ramsay,  F.R.S. ;  R.  Reynolds;  Dr.  A.  Richardson; 
Dr.  S.  Rideal ;  Dr.  S.  Ruhemann  ;  G.  F.  Schacht ;  W.  A. 
Shenstone  ;  Professor  H.  Lloyd  Snape  ;  W.  Thomson  ; 
V.  H.  Veley;  J.  Ward;  R.  Warington,  F.R.S. ;  Dr.  J. 
Watts;  J.  J.  Wertheimer;  Professor  A.  W.  Williamson, 
F.R.S.’ 

The  Papers  brought  before  the  Sedtion  were  as  follows 
President’s  Address. 

Report  ofthe  Committee  on  the  History  of  Chemistry, 
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Report  of  the  Committee  on  the  Silent  Discharge  of 
Ele&ricity  in  Gases. 

Report  of  the  Committee  on  the  Present  Methods  of 
Teaching  Chemistry. 

Sir  Henry  Roscoe,  F.R.S. — On  Recent  Legislation  as 
Facilitating  the  Teaching  of  Science. 

Dr.  y.  H.  Gladstone,  F.R.S. ,  and  G.  Gladstone. — The 
Refradion  and  Dispersion  of  Fluorbenzene  and  allied 
compounds. 

Dr.  G.  H.  Bailey  and  y.C.  Cain. — A  method  of  Quan- 
titative  Analysis  by  Weighing  Precipitates  Suspended  in 
Liquids. 

Dr.  G.  H.  Bailey  and  A.  A.  Read. — The  Behaviour  of 
the  more  stable  Oxides  at  High  Temperatures. 

Dr.  G.  H.  Bailey. — The  spedra  of  the  Haloid  Salts  of 
Didymium. 

W.  Hepworth  Collins. — The  Condition  of  the  Air  in 
Public  Places  of  Amusement. 

Report  on  Isomeric  Naphthalene  Derivatives. 

Dr.  W.  H.  Perkin,  F.R.S. — The  Development  of  the 
Coal  Tar  Colour  Industry  since  1880  (illustrated  by 
specimens). 

Professor  J.  H.  Van't  Hoff.— Behaviour  of  Copper 
Potassium  Chloride  and  its  Aqueous  Solutions  at  different 
temperatures. 

Report  of  the  Committee  on  the  Adion  of  Light  on  the 
Hydracids  of  the  Halogens  in  presence  of  Oxygen. 

Professor  Liveing,  F.R.S.,  and  Professor  Dewar, 
F.R.S. — Experiments  on  the  Combustion  of  Gases  under 
Pressure. 

Professor  H.  B.  Dixon,  F.R.S.,  and  y.  A.  Harker. — 
The  Rate  of  Explosion  of  Hydrogen  and  Chlorine  in  the 
dry  and  moist  states. 

Dr.  G.  S.  Turpin. —  On  the  Ignition  of  Explosive 
Gaseous  Mixtures. 

fas.  T.  Brown. — The  Orthophote. 

Report  of  the  Committee  on  an  International  Standard 
for  the  Analysis  of  Iron  and  Steel. 

Report  of  the  Committee  on  the  Influence  of  Silicon  on 
the  Properties  of  Steel. 

Report  of  the  Committee  on  the  Properties  of  Solutions. 
Report  of  the  Committee  on  the  Bibliography  of  Solu¬ 
tion. 

Dr.  O.  Pettersson. — Recent  Swedish  Investigations  on 
the  Gases  held  in  solution  by  the  Sea-water  of  the 
Skagerack. 

Joint  Discussion  with  Sedion  A  on  the  Nature  of  Solu¬ 
tion  and  its  connedion  with  Osmotic  Pressure,  opened  by 
S.  U.  Pickering,  F.R.S.,  in  a  paper  on  “  The  Present  Posi¬ 
tion  of  the  Hydrate  Theory  of  Solution.”  Professors 
Van't  Hoff  and  Ostwald  took  part  in  the  discussion. 

Dr.  y.  H.  Gladstone. — The  Molecular  Refradion  of 
Substances  in  Solution. 

P.  y.  Hariog  and  y.  A.  Harker. — An  Apparatus  for  the 
determination  of  the  Freezing-points  of  Solutions. 

C.  H.  Bothamley . — The  Sulphur  Waters  of  Yorkshire. 
T.  H.  Easter field,  B.A.,  and  J.  Mitchell  Wilson,  M.D. 
— The  River  Aire — a  study  in  River  Pollution. 

Report  of  the  Committee  on  the  Bibliography  of 
Spedroscopy. 

Report  of  the  Committee  for  preparing  a  new  series  of 
Wave  Length  Tables  of  the  Spedra  of  the  Elements. 

Report  of  the  Committee  on  the  Absorption  Spedra  of 
Pure  Compounds. 

Prof.  T.  E.  Thorpe,  F.R.S. — On  Phosphorous  Oxide. 
Prof.  R.  Meldola,  F.R.S. — Diazo-amido-compounds  ; 
a  Study  in  Chemical  Isomerism. 

A.  G.  Green,  C.  F.  Cross,  and  E.  y.  Bevan. — On  the 
Adion  of  Light  on  the  Diazo-compounds  of  Primuline 
and  of  Dehydrotbiotoluidine  ;  a  Method  of  Photographic 
Dyeing  and  Printing. 

Prof.  y.  y.  Hummel. — Fast  and  Fugitive  Coal-tar 
Colours. 

T.  Fairley. —  Some  Readions  of  Hydrogen  Peroxide. 
Dr.  Ahrens. — Veratrin,  and  the  Existence  of  Two 
Isomeric  j8-picolines. 


C.  H.  Bothamley. — Adion  of  Phosphorus  Trichloride 
on  Organic  Acids  and  on  Water. 

Prof.  W .  H .  Perkin,  fun.,  F.R.S. — The  Constitution 
of  the  Alkaloid  Berberin. 

y.  E.  Marsh  and  R.  Stockdale. — The  Produdion  of 
Camphor  from  Turpentine. 

T.  Fairley. — A  Continuous  Aspirator. 

W.  Thomson.  —  Note  on  the  Vulcanisation  and  Decay 
of  Indiarubber. 

W.  Thomson. — On  the  Unburned  Gases  Contained  in 
the  Flue  Gases  from  Gas  Stoves  and  Other  Burners. 

Dr.  y.  Lewkowitsch. — Some  Points  on  the  Analysis  of 
Fats. 

Dr.  T.  Ewan. — Condensation  of  Dibenzyl  Ketone  with 
Oxalic  Ether. 


TO  CORRESPONDENTS. 


H .  H.  —  Hoefer’s  “  Histoire  de  la  Chimie.”  The  work  is  in  French, 
and  we  are  not  aware  of  an  English  version.  Concerning  the  price, 
we  must  refer  you  to  any  foreign  bookseller  in  London. 


PATENTS, 

Provisional  Protedion,  from  £2  2s- 

Lowest  cost  of  complete  English  and  Foreign  on  application. 
Also,  Designs  and  Trade  Marks.  Inventions  financed. 

WALLACE,  WEATHERDON,  &  CO:, 

Registered  Patent  Agents, 

57  &  58,  Chancery  Lane,  and  n,  Southampton  Buildings,  W.C. 
Established  1849. 

n WEN’S  COLLEGE,  VICTORIA  UNI- 

V-/  VERSITY,  MANCHESTER. 

CHEMISTRY  COURSE. 

Full  particulars  of  this  Course,  qualifying  for  the  Vidtoria  Uni¬ 
versity  Degrees  in  Chemistry  and  the  College  Certificate  in  Applied 
Chemistry,  will  be  forwarded  on  application. 

The  Session  begins  Odtober  7. 

H.  W.  HOLDER,  M.A.,  Registrar. 

Just  Published.  Post  free  for  Two  Stamps. 

WESLEY  &  SON’S  Natural  History 

•  and  Scientific  Book  Circular  (No.  102). 

GEOLOGY,  MINING. 

ASTRONOMY,  MATHEMATICS. 
CHEMISTRY,  ELECTRICITY,  &c. 

Centaining  Valuable  and  Important  Works  from  the  Dr. 
John  Percy’s  Library. 

W.  Wesley  &  Son,  28,  Essex  Street,  Strand,  London. 


THE  LONDON  HOSPITAL  MEDICAL 

-1-  COLLEGE— The  WINTER  SESSION  will  commence  on 

Wednesday,  Odtober  1st. 

The  Hospital,  which  is  the  largest  general  hospital  in  the  kingdom, 
contains  nearly  800  beds,  all  in  constant  use.  There  are  wards  lor 
accidents,  surgical  and  medical  cases,  diseases  of  women  and 
children,  and  ophthalmic  cases.  Special  departments  for  diseases  of 
the  eye,  ear,  throat,  skin  and  teeth,  and  for  cancer,  tumours,  diseases 
of  the  bladder,  piles  and  fistula.  Ni  mber  of  in-patients  last  year, 
9105  ;  out-patients,  109,839 ;  accidents,  11,400. 

Surgical  operations  daily. 

APPOINTMENTS.  —  Resident  accoucheur,  house  physicians, 
house  surgeons,  &c.  Forty  of  these  appointments  are  made  annually. 
Numerous  dressers,  clinical  clerks,  post-mortem  clerks,  and  maternity 
assistants  are  appointed  every-  three  months.  All  appointments  are 
free  Holders  of  resident  appointments  are  also  provided  free  board. 

Two  Entrance  Science  Scholarships,  value  £75  and  £50,  and  two 
Buxton  Scholarships,  value  £30  and  £20,  will  be  cffered  for  competi¬ 
tion  at  the  end  of  September  to  new  Students.  Sixteen  other  Scholar¬ 
ships  and  prizes  are  given  annually. 

The  London  Hospital  is  now  in  diredl  communication  with  all 
parts  of  the  metropolis.  The  Metropolitan,  District,  and  other  ra:l- 
ways  have  stations  within  a  minute’s  walk  of  the  Hospital  and 
College. 

For  further  information  apply,  personally  or  by  letter,  to— 

„  MUNRO  SCOTT,  Warden 

Mile  End,  E. 
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ADDRESS  TO  STUDENTS. 


As  the  season  comes  round  we  are  again  led  to  call 
attention  to  certain  points  relating  to  higher  educa-  ; 
tion  which,  often  as  they  have  been  raised,  are  still 
negledted.  The  claims  of  chemistry — and  indeed  of 
the  physical  and  natural  sciences  altogether— to  a 
much  larger  share  of  attention  have  been  urged  upon 
educators  and  students  chiefly  upon  the  ground,  of 
utility.  This  plea  has  been  met  with  the  sneering- 
remark  that  we  are  not  all  going  to  become  calico- 
printers,  or  iron-masters,  tanners,  or  soap-boilers.. 

But  we  submit  that  physical  and  natural  science — in 
a  word,  the  study  of  things  in  contradistinction  to  words 
and  abstractions — is  entitled  to  eminence  as  an  instru¬ 
ment  of  intellectual  culture.  Without  it  we  can  never, 
unless  exceptionally  gifted  by  nature,  acquire  the  art 
of  observation.  In  our  present  educational  curricula, 
alike  in  board-school  and  grammar-school,  this  art  is 
not  merely  left  untaught,  it  is  crowded  ,  out  and 
starved  at  the  very  roots  because  the  energies  of  the 
student  are  drawn  off  in  other  directions.  A  gentle¬ 
man  whose  duty  it  became  at  one  time  to  administer 
the  somewhat  homoeopathic  doses  of  science  ad¬ 
mitted  at  a  public  school  puts  on  record  the  faCt  that 
the  boys  of  the  lower  forms  assimilated  more  readily 
than  the'seniors  the  elementary  truths  of  chemistry 
and  physics.  The  intellects  of  the  latter  had  been 
so  modified  by  a  persistent  course  of  verbalism 
that  they  could  not  see  any  meaning  in  things. 

In  like  inanner  many  working-men,  possessing  but 
a  very  scanty  knowledge  of  the  “  three  r’s,”  were 
very  good  observers  in  botany,  entomology, 
ornithology,  &c.  But  the  number  of  such  men  is 
certainly  not  on  the  increase.  Indeed,  an  acute 
contemporary  some  years  ago  expressed  the  fear  that 
the  “  vice  of  inobservance,”  so  conspicuous  among 
our  upper  classes,  was  being  spread  to  the  great  mass 
of  the  nation  in  consequence  of  the  exclusively 
literary  character  of  our  present  system  of  educa¬ 
tion. 

Yet,  again,  we  may  even  venture  to  say .  that 
savages  are  often  better  observers  than  civilised 
Europeans  or  Americans,  unless  the  latter  have  been 
systematically  trained  in  research.  More  than  one 
scientific  traveller,  on  noticing  some  rare  and  curious 
plant,  has  been  told  by  a  “  Redskin  ”  in  Texas  or  by 
a  “  Black  fellow  ”  in  Queensland  where  such  plant 
could  be  found  in  quantity. 

Now  the  only  way  to  escape  from  our  present 
humiliating  inferiority  as  observers  is  to  give  to 
natural  and  physical  science  a  leading  place  in  our 
courses  of  instruction.  And  as  the  mass  of  the  public 
are  now  cooped  up  in  towns  the  sciences  to  which 
their  attention  must  mainlybe  directed  are  chemistry 
and  physics.  _  _ 

But  one  caution  must  be  kept  in  mind.  I  he 
question  how  we  are  to  learn  is  not  less  important 
than  its  companion  what  we  are  to  learn.  The  youth 
who  studies  chemistry  from  books,  however  closely 
and  laboriously,  will  reap  little  or  no  advantage  from 
his  labours.  Ifhe  has  done  nothingfurther  than  read 


he  will  still  be  in  the  bonds  of  verbalism,  unable  to 
learn  from  and  to  interpret  phenomena. 

It  need  scarcely  be  said  that  the  main  prop  of 
verbalism  is  the  examinational  system.  It  is  truly 
painful  to  have  to  remind  our  readers  how  completely 
the  great  protest  against  this  system  appears  to  have 
been  forgotten,  and  how  completely  success  in  these 
displays  is  regarded  as  a  triumph. 


UNIVERSITIES  AND  COLLEGES. 


UNIVERSITY  OF  LONDON. 

Candidates  for  any  Degree  granted  by  this  University 
are  required  to  have  passed  the  Matriculation  Examina¬ 
tion,  and  all  candidates  for  Matriculation  will  henceforth 
be  required  to  comply  with  the  following  instructions: — 
(1)  Not  less  than  rive  weeks  before  the  commencement  of 
the  Examination  every  candidate  must  apply  to  the 
Registrar,  by  letter,  for  a  Form  of  Entry,  which,  together 
with  all  particulars  respecting  the  arrangements  for  the 
Examination,  will  be  sent  to  him  immediately  on  receipt 
of  the  application.  (2).  This  form,  duly  filled  up,  must 
be  returned  to  the  Registrar  not  less  than  four  weeks 
before  the  commencement  of  the  Examination,  and  with 
it,  in  the  same  cover,  must  be  sent  ( a )  the  candidate’s 
certificate  of  age,  and  ( b )  his  fee  for  the  Examination.  No 
candidate’s  name  will  be  placed  on  the  list  of  candidates 
unless  his  form  of  entry,  certificate  of  age,  and  fee  shall 
have  been  received  at  the  University  on  or  before  the 
fourth  Monday  before  the  commencement  of  the  Examina¬ 
tion.  In  the  course  of  the  week  following  the  closing  of 
the  list,  but  not  previously,  each  candidate’s  certificate 
and  fee  will  be  acknowledged,  his  certificate  will  be  re¬ 
turned,  and  a  Number,  by  which  he  is  to  be  designated 
throughout  the  Examination,  will  be  assigned  to  him. 

The  Fee  for  this  examination  is  £2. 

There  are  two  Examinations  for  Matriculation  in  each 
year  ;  one  commencing  on  the  second  Monday  in  January, 
and  the  other  on  the  second  Monday  in  June.  The 
Examination  is  conducted  by  means  of  Printed  Papers; 
but  the  Examiners  are  not  precluded  from  putting,  for  the 
purpose  of  ascertaining  the  competence  of  the  candidates 
to  pass,  viva  voce  questions  to  any  candidate  in  the  sub¬ 
jects  in  which  they  are  appointed  to  examine. 

Candidates  are  not  approved  by  the  Examiners  unless 
they  have  shown  a  competent  knowledge  in  each  of  the 
following  subjects  -.—Latin.  Any  one  of  the  following 
Languages  :  —  Greek,  French,  German,  Sanskrit,  or 
Arabic.°  The  English  Language,  and  English  History, 
with  the  Geography  relating  thereto.  Mathematics. 
Mechanics.  One  of  the  following  branches  of  Experi¬ 
mental  Science Chemistry,  Heat  and  Light,  Magnetism 
and  Electricity,  Botany. 

The  Examination  in  Chemistry  is — Chemistry  of  the 
Non-metallic  Elements  ;  including  their  compounds — 
their  chief  physical  and  chemical  characters — their  pre¬ 
paration — and  their  characteristic  tests. 

A  Pass  Certificate,  signed  by  the  Registrar,  will  be 
delivered  to  each  candidate  after  the  Report  of  the 
Examiners  has  been  approved  by  the  Senate. 

If  in  the  opinion  of  the  Examiners  any  candidates  in 
the  Honours  Division  of  not  more  than  twenty  years  of 
age  at  the  commencement  of  the  Examination  possess 
sufficient  merit,  the  first  six  among  such  candidates  will 
receive  an  Exhibition  of  thirty  pounds  per  annum  for 
the  next  two  years  ;  the  second  among  such  candidates 
will  receive  an  Exhibition  of  twenty  pounds  per  annum  for 
the  next  two  years  ;  and  the  third  will  receive  an  Exhibi¬ 
tion  of  fifteen  pounds  per  annum  for  the  next  two  years  ; 
such  exhibitions  are  payable  in  quarterly  instalments 
provided  that  on  receiving  each  instalment  the  Exhibi¬ 
tioner  declares  his  intention  of  presenting  himself  either 
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at  the  two  Examinations  for  B.A.,  or  at  the  two  Examina¬ 
tions  for  B.Sc.,  or  at  the  Intermediate  Examination  in 
Laws,  or  at  the  Preliminary  Scientific  M.B.  Examina¬ 
tion,  and  Intermediate  Examination  in  Medicine,  within 
three  academical  years  from  the  time  of  his  passing 
the  Matriculation  Examination. 

Under  the  same  circumstances,  the  fourth  among  such 
Candidates  will  receive  a  prize  to  the  value  of  ten 
pounds  in  books,  philosophical  instruments,  or  money  ;  and 
the  fifth  and  sixth  will  each  receive  a  prize  to  the  value  of 
five  pounds  in  books,  philosophical  instruments,  or  money. 

Any  candidate  who  may  obtain  a  place  in  the  Honours 
Division  at  the  Matriculation  Examination  in  January  is 
admissible  to  the  Intermediate  Examination  either  in 
Arts  or  in  Science  in  the  following  July. 

Intermediate  Examination  in  Science. 

The  Intermediate  Examination  in  Science  will  be  held 
in  July,  1891. 

No  candidate  (with  the  exception  of  such  as  have 
obtained  Honours  at  the  Matriculation  Examination  in 
the  preceding  January)  is  admitted  to  this  Examination 
within  one  academical  year  of  the  time  of  his  passing  the 
Matriculation  Examination. 

The  Fee  for  this  Examination  is  £5. 

Examination  for  Honours. 

Candidates  for  Honours  in  Chemistry  will  be  examined 
in  Inorganic  Chemistry,  treated  more  fully  than  in  the 
Pass  Examination.  In  addition,  they  will  be  examined 
pradtically  in  Simple  Qualitative  Analysis.  This  Ex- 
mination  will  consist  of  six  hours’  examination  by 
two  printed  papers  and  of  six  hours’  practical  work. 

In  the  Examination  for  Honours,  the  Candidate,  not 
being  more  than  22  years  of  age  at  the  commencement  of 
the  Pass  Examination,  who  most  distinguishes  himself 
will  receive  an  Exhibition  of  £^o  per  annum  for  the  next 
two  years. 

B.Sc.  Examination. 

The  B.Sc.  Examination  will  be  held  in  Odtober. 

Candidates  for  this  Examination  are  required  to  have 
passed  the  Intermediate  Examination  in  Science  at  least 
one  academical  year  previously. 

The  Fee  for  this  Examination  is  £5. 

Examination  for  Honours. 

The  examination  for  Honours  in  Chemistry  will  take 
place  on  Monday  and  Tuesday  in  the  week  following  the 
Examination  for  Honours  in  Mathematics  ;  on  Monday  by 
printed  papers  (chiefly  on  Organic  Chemistry),  and  on 
Tuesday  by  practical  examination  in  Qualitative  and 
Quantitative  Analysis. 

The  candidate,  being  not  more  than  23  years  of  age, 
who  most  distinguishes  himself  in  Chemistry,  will  receive 
£50  per  annum  for  the  next  two  years,  with  the  style  of 
University  Scholar. 

Doctor  of  Science. 

The  examination  for  the  Degree  of  Dodtor  of  Science 
takes  place  annually  within  the  first  twenty-one  days  of 
June. 

No  candidate  is  admitted  to  the  examination  for  the 
Degree  of  D.Sc.  until  after  the  expiration  of  two  Aca¬ 
demical  Years  from  the  time  of  his  obtaining  the  Degree 
of  B.Sc.  in  this  University. 

Every  candidate  for  this  Degree  must  state  in  writing 
the  special  subjedt  within  the  purview  of  the  Faculty  of 
Science,  as  set  out  in  the  Programme  of  the  B.Sc.  Ex¬ 
amination,  upon  a  knowledge  of  which  he  rests  his 
qualification  for  the  Dodtorate  ;  and  with  this  statement 
he  shall  transmit  an  original  printed  Dissertation  or 
Thesis  (at  least  six  copies)  treating  scientifically  some 
special  department  of  the  subjedt  so  named,  embodying 
the  result  of  independent  research,  or  showing  evidence 
of  his  own  work,  whether  based  on  the  discovery  of  new 
fadts  observed  by  himself,  or  of  new  relations  of  fadts 
observed  by  others,  or,  generally,  tending  to  the  advance¬ 
ment  of  Science.  The  Dissertation  or  Thesis  shall  have 
been  written  in  view  of  candidature,  or  shall  have  been 
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published  within  the  two  academical  years  immediately 
preceding.  Every  candidate  may  further  specify  any 
printed  contribution  or  contributions  to  the  advancement 
of  Science  which  he  has  at  any  time  previously  published, 
and  every  contribution  so  specified  and  submitted  shall 
be  considered  and  taken  as  part  of  his  qualification  for  the 
Degree.  If  the  Dissertation  or  Thesis  be  approved  by  the 
Examiners,  the  candidate  shall  be  required  to  present 
himself  at  the  University  upon  such  day  or  days  within 
the  first  twenty-one  days  of  June  as  may  be  notified  to 
him,  and  shall,  at  the  discretion  of  the  Examiners,  be 
further  tested,  either  orally  or  pradically,  or  by  printed 
questions  or  by  all  of  these  methods,  and  with  especial 
reference  to  his  Dissertation  or  Thesis. 

Candidates  for  the  Degree  of  D.Sc.  will  be  expedted  to 
be  so  fully  conversant  with  the  branch  of  Science  they 
profess  as  to  be  able,  if  required,  to  satisfy  any  test  of 
their  acquirements  in  that  branch  that  it  may  be  thought 
expedient  to  apply. 

The  Fee  for  this  Examination  is  £10. 

Preliminary  Scientific  (M.B.)  Examination.* 

This  Examination  takes  place  twice  in  each  year,— 
once,  for  Pass  and  Honours,  commencing  on  the  third 
Monday  in  July  ;  and  once  for  Pass  Candidates  only,  com¬ 
mencing  on  the  third  Monday  in  January. 

No  candidate  shall  be  admitted  to  this  Examination 
unless  he  shall  have  passed  the  Matriculation  Examina¬ 
tion,  nor  unless  he  have  given  notice  of  his  intention  to 
the  Registrar  at  least  one  calendar  month  before  the 
commencement  of  the  examination. 

The  Fee  for  this  examination  is  Five  Pounds. 
Examination  in  Subjects  relating  to  Public  Health. 

A  Special  Examination  will  be  held  in  December  in 
subjedts  relating  to  public  health. 

No  candidate  is  admitted  to  this  Examination  unless  he 
has  passed  the  Second  Examination  for  the  Degree  of 
Bachelor  of  Medicine  in  this  University  at  least  one  year 
previously  ;  nor  unless  he  shall  have  given  notice  of  his 
intention  to  the  Registrar  at  least  two  calendar  months 
before  the  commencement  of  the  Examination. 

The  Fee  for  this  Examination  is  £5. 

UNIVERSITY  OF  OXFORD. 

Waynflete  Professor  of  Chemistry. — W.  Odling,  M.A., 
F.R.S. 

Every  Student  must  reside  in  one  or  other  of  the  Col¬ 
leges  or  Halls,  or  in  licensed  lodgings,  for  a  period  of  three 
years,  passing  at  least  two  examinations  in  Arts,  and  one 
in  either  Mathematics,  Natural  Science,  Law,  Modern 
History,  or  Theology,  when,  if  he  obtain  a  first,  second, 
or  third  class,  he  can  take  his  B.A.  Degree;  if  he  do  not 
gain  such  honour  he  has  to  pass  a  third  examination  in 
Literis  Humanioribus. 

The  fee  for  students  working  in  the  Laboratory  for 
three  days  in  the  week  during  the  Term  is  £3  ;  for 
students  working  every  day,  £5. 

Scholarships  of  about  the  value  of  ^75  are  obtainable 
at  Christ  Church,  Magdalen,  and  other  colleges,  by  com¬ 
petitive  examination  in  Natural  Science. 

More  detailed  information  may  be  obtained  from  the 
University  Calendar;  from  the  professors ;  and  from  the 
Sub-Librarian  in  the  Radciiffe  Library  or  the  Museum. 

UNIVERSITY  OF  CAMBRIDGE. 

Professor  of  Chemistry. — G.  D.  Liveing,  M.A.,  F.R.S. 

Jacksonian  Professor  of  Natural  and  Experimental  Phi¬ 
losophy. — J.  Dewar,  M.A.,  F.R.S. 

The  Student  must  enter  at  one  of  the  Colleges,  or  as  a 
Non-collegiate  Student,  and  keep  terms  for  three  years  by 
residence  in  the  University.  He  must  pass  the  previous 

*  Candidates  who  pass  in  all  the  subjtdls  of  the  Preliminary  Scien¬ 
tific  (M.B.)  Examination,  and  also  pass  at  the  same  time  in  the  Pure 
and  Mixed  Mathematics  of  the  Intermediate  Examination  in  Science, 
or  who  have  previously  passed  the  Intermediate  Examination  in 
Arts,  are  admissible  to  the  B.Sc.  Examination. 
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examination  in  Classics  and  Mathematics,  which  may  be 
done  in  the  first  or  second  term  of  residence,  or,  through 
the  Oxford  and  Cambridge  Schools  Examination  Board, 
or  through  the  Senior  Local  Examinations,  before 
commencing  residence.  He  may  then  proceed  to  take 
a  Degree  in  Arts,  either  continuing  mathematical  and 
classical  study,  and  passing  the  ordinary  examinations  for 
B.A.,  or  going  out  in  one  of  the  Honour  Triposes. 

The  scholarships,  ranging  in  value  from  £20  to  £80 
a  year,  are  chiefly  given  for  mathematical  and  classical 
proficiency.  Scholarships  are  given  for  Natural  Science 
in  Trinity,  St.  John’s,  St.  Peter’s,  Clare,  Christ’s,  Sidney, 
Pembroke,  Caius,  Downing,  and  Cavendish  Colleges  ;  the 
examinations  being  in  December,  at  Easter,  and  in  June 
and  October. 

The  Chemical  Laboratory  of  the  University  is  open 
daily  for  the  use  of  the  Students.  The  Demonstrators 
attend  daily  to  give  instructions.  A  list  of  the  lectures  is 
published  annually,  in  June,  in  a  special  number  of  the 
Cambridge  University  Reporter,  which  may  be  had  from 
the  Cambridge  Warehouse,  in  Paternoster  Row,  or  through 
any  bookseller. 

Non-collegiate  Students  are  allowed  to  attend  certain 
of  the  College  Lectures  and  all  the  Professors’  Lectures, 
and  have  the  same  University  status  and  privileges  as  the 
other  Students.  Full  particulars  may  be  obtained  by 
forwarding  a  stamped  directed  envelope  to  the  Assistant 
Registrar,  Cambridge,  or  from  the  Cambridge  University 
Calendar. 

UNIVERSITY  OF  DUBLIN. 

Trinity  College. 

Professor  of  Chemistry . — J.  Emerson  Reynolds,  M.D., 
F.R.S.,  V.P.C.S. 

Assistant  Lecturer. — Emil  A.  Werner,  F.C.S.,  F.I.C. 

Demonstrator. — William  Early,  F.I.C. 

The  general  Laboratories  include  working  accom¬ 
modation  for  120  Students,  and  the  Quantitative  and 
Research  Laboratories  for  about  40  Students.  The 
Laboratories  will  open  on  the  1st  of  October.  Lectures 
will  commence  about  November  1st. 

The  Laboratories  and  the  Lectures  of  the  Professor  of 
Chemistry  can  now  be  attended  by  Students  who  do  not 
desire  to  reside  in  the  University  or  proceed  to  its  Degrees. 

The  full  Course  of  General  and  Analytical  Chemistry 
occupies  three  years,  but  a  Student  is  free  in  his  third  year 
to  devote  most  of  his  time  to  a  special  department  of 
Pure  or  Technical  Chemistry.  Students  can  enter  for 
any  portion  of  the  Course.  The  following  LeClures  are 
delivered :  — 

1.  Inorganic  Chemistry  and  Chemical  Philosophy .  — 

Elementary,  first  year  ;  advanced,  second  year. 

2.  Organic  Chemistry.  —  General,  second  year;  ad¬ 

vanced,  third  year. 

3.  Metallurgy. — A  Course  for  Engineering  and  Tech¬ 

nical  Students. 

The  Laboratories  are  open  every  day  from  10  to  5 
o’clock  (except  Saturdays,  when  they  close  at  1  o’clock). 

The  Summer  Course  of  Practical  Chemistry  for  Medical 
Students  begins  during  the  first  week  in  April  and  termi¬ 
nates  with  the  first  week  in  July. 

The  University  of  Dublin  grants  the  Degree  of  DoCior 
of  Science  to  graduates  of  Master’s  standing  whose  in¬ 
dependent  researches  in  any  branch  of  Science  are  of 
sufficient  merit. 

KING’S  COLLEGE. 

(Department  of  Engineering  and  Applied  Science). 

Professor  of  Chemistry. — J.  M.  Thomson,  F.C.S. 

Demonstrator  of  Practical  Chemistry. — G.  S.  Johnson, 

F.C.S. 

Assistant  Demonstrator. — Herbert  Jackson,  F.C.S. 

On  Tuesday  and  Thursday  at  10.20  a.m.  Students  of  the 
First  Year  are  admitted  to  the  Course  of  Theoretical  and 
Applied  Chemistry.  The  Course  commences  with  a  View 
of  the  Forces  which  concur  to  the  production  of  Chemical 
Phenomena,  after  which  the  laws  of  Chemical  Attraction 
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are  discussed,  and  the  Non-metallic  elements  and  their 
principal  Compounds  are  described. 

The  Metals  and  their  principal  compounds  are  next 
examined,  care  being  taken  to  point  out  the  applications 
of  the  Science  to  the  Arts  ;  and  the  processes  of  the 
different  Manufactures  and  of  Domestic  Economy  are 
explained  and  illustrated. 

Examinations  of  the  Class,  both  viva  voce  and  by 
written  papers,  are  held  at  intervals  during  the  course  at 
the  usual  LeCture  hour. 

,  Second  Year. — Students  attend  in  the  Laboratory  twice 
a  week,  on  Tuesday  and  Friday,  at  10.20,  and  they  go 
through  a  course  of  Manipulation  in  the  most  important 
operations  of  Chemistry,  including  the  first  steps  of 
Analysis. 

Any  Student  of  this  Department  may  be  admitted  to 
this  Class  at  any  period  of  his  study  on  payment  of  an 
extra  fee. 

Experimental  and  Analytical  Chemistry  in  the  Labora¬ 
tory. — The  object  of  this  Class  is  to  afford  to  Students 
who  are  desirous  of  acquiring  a  knowledge  of  analysis,  or 
of  prosecuting  original  research,  an  opportunity  of  doing 
so  under  the  superintendence  of  the  Professor  and  De¬ 
monstrator  ;  Students  may  enter,  upon  payment  of  extra 
Fees,  at  any  time  except  during  the  vacation,  and  for  a 
period  of  one,  three,  six,  or  nine  months,  as  may  best  suit 
their  convenience.  The  laboratory  hours  are  from  ten  till 
four  daily,  except  Saturday,  on  which  day  the  hours  are 
from  ten  till  one. 

In  addition  to  the  Laboratory  Fee,  each  Student  defrays 
the  expenses  of  his  own  Experiments.  The  amount  of 
this  expense,  which  is  comparatively  trifling,  is  entirely 
under  his  own  control. 

Special  hours  and  fees  are  arranged  for  the  convenience 
of  such  Third  Year  Students  as  wish  to  study  Analytical 
Chemistry. 

Fees. — Chemistry  per  term,  £2  3s.  od. ;  per  ann., 
£8  8s.  od. ;  Practical  Chemistry  per  term,  £\  4s.  od.  ;  per 
ann.,  £\o  10s.  od. ;  Experimental  and  Analytical  Chemistry 
— One  Month  (daily  attendance),  £y  4s.  od. ;  Three 
Months  (daily  attendance),  £10  10s.  od.  ;  Six  Months 
(daily  attendance),  £18  18s.  od. ;  Nine  Months  (daily 
attendance),  £26  5s.  od.  A  student  taking  a  month’s 
ticket  may  attend  daily  during  1  month,  or  3  days  a  week 
during  2  months,  or  2  days  a  week  during  3  months. 

Rules  as  to  Admission  of  Students. 

I.  The  Academical  Year  consists  of  Three  terms : 
Michaelmas  Term,  from  beginning  of  October  to  the  week 
before  Christmas  ;  Lent  Term,  from  the  middle  of  January 
to  the  week  before  Easter;  Easter  Term,  from  Easter  to 
the  beginning  of  July. 

II.  The  days  fixed  for  the  Admission  of  New  Students 
in  the  Academical  Year  1890-91,  are  Tuesday,  September 
30,  Wednesday,  January  14,  and  Wednesday,  April  15. 

Metallurgy. 

Professor. — A.  K.  Huntington,  F.I.C.,  F.C.S.,  &c. 

The  following  subjects  are  treated  of  in  the  Lectures  : 
The  Selection  and  Economic  Preparation  of  Fuel  and  of 
Refractory  Materials  ;  the  methods  by  which  metals  are 
obtained  from  their  ores,  and  the  means  by  which  they 
are  rendered  suitable  for  the  vaiious  requirements  of  the 
Arts. 

Particular  attention  is  made  to  the  study  of  the  Nature 
and  Properties  of  Metals  and  Alloys  available  for  Con¬ 
structive  Purposes. 

In  the  Metallurgical  Laboratory,  which  is  always  open 
during  College  hours,  the  relation  between  the  Chemical 
Composition  of  Metals  and  their  Mechanical  Properties 
1  may  be  studied  by  the  aid  of  Testing  Machinery.  The 
instruction  given  to  each  student  is  regulated  by  his 
special  requirements. 

Photography. 

Lecturer.— J.  M.  Thomson,  F.R.S.E.,  F.C.S. 

Arrangements  are  made  for  a  complete  Course  of 
Instruction  in  Photography  to  the  students  of  the  third 
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year.  A  glass  house  has  been  ereded,  and  in  connection 
with  it  a  Laboratory  for  the  preparation  of  Photographic 
Chemicals.  Students  entering  to  this  department  will  be 
afforded  every  facility  for  practising  the  Art  in  all  its 
branches. 

In  addition  to  the  regular  College  Course  in  Photography 
occasional  classes  are  formed,  consisting  each  of  about 
six  gentlemen,  who  meet  twice  a  week.  The  fee  for 
private  instruction  is  £5  5s.  for  ten  lessons,  or  £10  10s. 
for  three  courses.  There  is  in  every  case  a  charge  of  £1 
each  course  for  chemicals. 

Evening  Classes. 

Classes  for  Evening  Instruction  in  various  subjects  are 
held  during  the  months  from  October  to  March,  inclusive, 
and  during  the  months  of  April,  May,  and  June. 

UNIVERSITY  COLLEGE. 

Faculty  of  Science. 

Professor. — William  Ramsay,  Ph.D.,  F.R.S. 

Assistant  Professors. — R.  T.  Plimpton,  Ph.D.,  and  J.  N. 
Collie,  Ph.D. 

The  Session  is  divided  into  three  Terms,  as  follows,  all 
the  dates  being  inclusive  : — 

First  Term,  from  Thursday,  October  2nd,  until 
Friday,  December  19th ; 

Second  Term,  from  Tuesday,  January  6th,  1G91,  till 
Wednesday,  March  25th ; 

Third  Term,  for  LeCtures,  from  Tuesday,  April  14th,  till 
Wednesday,  July  1st.  Class  Examinations  occupy  about 
ten  days,  beginning  on  Thursday,  June  18th. 

Students,  who  having  entered  in  October  do  not  intend 
to  present  themselves  in  all  three  subjects  at  the  July  Pre¬ 
liminary  Science  Examination,  should  during  the  first 
term  confine  their  attention  to  Chemistry,  and  take  this 
subject  alone  at  the  January  Examination. 

Students  entering  in  January  should  take  Physics  and 
Biology  at  the  July  Examination,  and  Chemistry  at  the 
succeeding  January  Examination. 

Junior  or  Matriculation  Course. 

Tuesday,  Thursday,  and  Saturday,  at  10,  commencing 
October  7,  1890,  and  April  14th,  1891.  Fee  : — £4  4s. 

These  Courses  will  each  consist  of  about  thirty  lessons, 
partly  theoretical  and  partly  practical,  on  the  non-metallic 
elements.  Frequent  exercises  will  be  given. 

Senior  Course  of  Chemistry. 

First  and  Second  Terms  :  Inorganic. — The  Class  meets 
four  times  a  week  :  Mondays,  Wednesdays,  Fridays,  and 
Saturdays,  at  g,  for  LeCtures,  Examinations,  and  Exercises, 
commencing  October  6th. 

Fee  : — For  the  Course,  £7  7s. ;  Perpetual,  £g  93. ;  for 
the  First  or  Second  Terms,  £4  4s. 

This  Course  and  the  Practical  Class  cover  the  subject 
as  prescribed  for  the  Preliminary  Scientific  (M.B.)  and 
Intermediate  Examination  in  Science  of  the  University  of 
London. 

For  the  Preliminary  Scientific  Examination  Students 
who  take  the  three  subjects  for  that  examination  in  July 
attend  during  the  First  and  Second  Terms. 

Advanced  Course  of  Chemistry. 

Second  and  Third  Terms. — The  class  meets  twice  a 
week,  on  Tuesdays  and  Thursdays,  at  g.  The  hour  will 
be  altered  by  special  arrangement  with  the  class  if 
necessary. 

Fee : — For  the  Course,  £3  3s. ;  for  a  Term,  £1  2s. 

This  Course  will  be  found  suitable  for  those  about  to 

roceed  to  graduation  as  Bachelor  of  Science  in  London 
University,  and  to  those  who  intend  to  choose  Chemistry 
as  a  profession.  Such  students  should  also  work  in  the 
Laboratory  during  as  many  hours  as  they  can  spare. 

Organic  Chemistry. 

Tuesday  and  Thursday,  at  g,  in  the  First  Term; 
Tuesday,  Thursday,  and  Saturday,  at  10,  in  the  Second 


Term  ;  and  Monday,  Wednesday,  and  Friday,  at  9,  in  the 
Third  Term.  The  hour  of  meeting  will  be  altered  should 
the  class  desire  it. 

This  Course  of  Organic  Chemistry  is  intended  for  those 
who  in  studying  the  subject  have  not  a  Medical  Examina¬ 
tion  chiefly  in  view.  Candidates  for  Honours  at  the 
Int.M.B.  are,  however,  recommended  to  attend  this  Course 
during  the  Second  and  Third  Terms,  instead  of  the  Special 
Summer  Course, 

The  Course  includes  the  subjects  required  at  the  B.Sc. 
Examination,  Pass  and  Honours  ;  but  no  previous  ac¬ 
quaintance  with  Organic  Chemistry  will  be  expected  of 
those  joining  the  Class. 

Fee  : — For  the  Course,  £6  6s.;  for  a  Term,  £2  12s.  6d. 

An  Advanced  Course  for  those  engaged  in  prosecuting 
research  in  Organic  Chemistry  will  be  held  three  times  a 
week  during  the  Second  Term.  Fee,  £2  12s.  6d. 

Practical  Class. 

First  and  Second  Terms,  Tuesday  and  Thursday,  at  11, 
commencing  October  7th. 

Fee,  including  cost  of  materials,  £5  5s. ;  for  a  Second 
Course,  £3  3s. 

The  Course  includes  the  Practical  Chemistry  required 
at  the  Preliminary  Scientific  and  Intermediate  Science 
Examinations. 

Senior  Practical  Class. 

Wednesdays  from  2  to  4  and  Saturdays  from  10  to  12 
during  the  Third  Term. 

Fee  : — (Including  cost  of  materials)  £5  5s.  ;  for  a  Second 
Course,  £3  3s. 

Analytical  and  Practical  Chemistry. 

The  Laboratory  is  open  daily  from  9  a.m.  to  4  p.m., 
Saturdays  excepted,  from  Odober  until  the  middle  of 
July,  with  a  short  recess  at  Christmas  and  at  Easter. 

Fees  :  for  the  Session,  £26  5s. ;  six  months,  £18  18s. ; 
three  months,  £10  10s.  ;  one  month,  £4  4s. 

Three  specified  days  a  week  : — for  the  Session,  £15  15s. ; 
six  months,  £11  11s. ;  three  months,  £6  6s. ;  one  month, 
£2  12s.  6d. ,  exclusive  of  expense  of  materials.  Students 
may  enter  at  any  period  of  the  Session. 

The  Laboratory  Course  includes  the  Practical  Chemistry 
required  at  the  following  Examinations  of  the  University 
of  London  : — Prel.  Sci.  (M.B.),  Intermediate  M.B.,  Inter¬ 
mediate  Science,  B.Sc. 

Students  who  wish  to  attend  the  Lectures  on  Chemical 
Technology  may  acquire  here  the  requisite  preliminary 
knowledge  of  Practical  Chemistry  and  Analysis. 

When  accompanied  by,  or  preceded  by,  attendance  on 
the  Lectures  on  Inorganic  and  Organic  Chemistry,  the 
Laboratory  Course  qualifies  Students  in  the  application  of 
Chemistry  to  Manufactures,  Metallurgy,  Medicine,  or  Agri¬ 
culture,  &c. 

There  is  also  a  Chemical  Library  containing  the  chief 
Journals  and  Standard  Works  on  Chemistry. 

A  Gold  Medal  and  Certificates  of  Honour  are  competed 
for  by  first  year’s  Students.  The  Tuffnell  Scholarship 
(£100  for  two  years)  will  also  be  competed  for  in  the 
Session  1890-91;  also  the  Clothworker’s  Scholarship  of 
£50. 

Chemical  Technology . 

Ledturer,  Watson  Smith,  F.I.C.,  F.C.S. 

Courses  of  Lectures  will  be  given  on  the  following 
subjects: — Manufacture  of  Sulphuric  Acid,  Alkali,  &c° 
Fuel  and  Gas  Manufacture.  Chemical  Technology  of 
Building  Materials.  Coal  tar  PioduCts  and  Colours. 
Applications  of  Chemistry  to  Engineering. 

Evening  Ledums  will  be  given  by  gentlemen  qualified 
by  practical  and  theoretical  acquaintance  with  special 
subjeds,  and  occasional  visits  to  Works  will  be  arranged. 

Residence  for  Students. 

Students  can  obtain  residence  at  University  Hall 
Gordon  Square.  Particulars  can  be  obtained  at  the  office 
of  the  College. 


Chemical  New§,  1 
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NORMAL  SCHOOL  OF  SCIENCE  AND 
ROYAL  SCHOOL  OF  MINES. 

Professor. — T.  E.  Thorpe,  Ph.D.,  B.Sc.,  F.R.S. 

Assistant  Professor. — F.  R.  Japp,  M.A.,  LL.D.,  F.R.S. 

Demonstrators. — H.  Chapman  Jones  and  A.  E.  Tutton. 

Assistants. — G.  S.  Newth,  J.  W.  Rodger,  and  W.  Tate. 

The  Normal  School  of  Science  at  South  Kensington  is 
intended,  primarily,  for  the  instruction  of  teachers,  and  of 
students  of  the  industrial  classes  selected  by  competition 
in  the  examinations  of  the  Science  and  Art  Department. 
The  Royal  School  of  Mines  is  affiliated  to  the  Normal 
School.  Students  entering  for  the  Associateship  of  the 
School  of  Mines  obtain  their  general  scientific  training  in 
the  Normal  School.  The  instruction  in  the  Normal 
School  is  arranged  in  such  a  manner  as  to  give  the 
Students  a  thorough  training  in  the  general  principles 
of  Science,  followed  by  advanced  instruction  in 
one  or  more  special  branches  of  Science.  The  As¬ 
sociateship  is  granted  in  certain  divisions  or  lines 
of  study.  Students  who  go  through  any  one  of  the 
prescribed  courses  of  instruction  and  pass  the  neces¬ 
sary  Examinations  receive  a  Certificate  of  Associateship 
of  the  Normal  School,  or  of  the  Royal  School  of  Mines. 
But  students  who  are  not  candidates  for  the  Associateship 
are  permitted  to  take  up  the  course  of  instruction  in  one 
or  more  special  branches  of  science,  and  on  passing  the 
examination  receive  a  Certificate  to  that  effeCt.  The 
Associateship  of  the  Normal  School  of  Science  is  given 
in  one  or  more  of  the  following  divisions  Mechanics, 
Physics,  Chemistry,  Biology,  Geology,  and  Agriculture, 
and  the  Associateship  of  the  Royal  School  of  Mines  in 
Metallurgy  and  Mining. 

The  course  of  instruction,  which  lasts  for  three  years, 
is  the  same  for  all  the  divisions  during  the  first  year,  after 
which  it  is  specialised  in  accordance  with  the  Scheme 
detailed  in  the  Prospectus  of  the  School. 

The  Session  is  divided  into  two  Terms.  The  first  Term 
begins  on  the  1st  of  October  and  ends  about  the  middle 
of  February.  The  second  Term  begins  in  the  middle  of 
February  and  ends  about  the  middle  of  June. 

Examinations  are  held  at  the  end  of  each  course  of  in¬ 
struction  and  at  such  other  periods  as  may  be  found  neces¬ 
sary.  On  the  results  of  these  examinations  the  successful 
candidates  are  arranged  in  two  classes,  first  and  second. 
There  are  also  “  Honours  ”  examinations  for  the  subjects 
of  the  third  year,  the  successful  candidate  being 
placed  in  order  of  merit.  A  student  obtains  the 
Associateship  who  passes  in  all  the  subjects  of  the  first 
two  years  and  of  the  special  division  he  selects  for  his 
Associateship.  A  student  who  goes  through  the  prescribed 
course  of  instruction  in  any  subject  and  passes  the  final 
examination  in  it  receives  a  certificate  to  that  effeCt. 

Students  who  do  not  wish  to  attend  the  lectures  are 
admitted  for  short  periods  to  the  laboratories,  at  the  dis¬ 
cretion  of  the  Professors.  The  fees  for  the  laboratories 
are  £\  per  month. 

Students  not  entering  for  the  Associateship  are  admitted 
to  any  particular  course  of  study,  so  far  as  there  is  room, 
on  payment  of  the  fees  shown  in  the  following  table: — 

Ledtures.  Laboratory. 


Chemistry  . 3  -  13 

Physics  . 5  12 

Biology  with  Botany  ....  5  12 

Geology  with  Mineralogy  . .  4  8 

Mechanics . 4  6 

Metallurgy  . 2  13 

Mining  . 4 

Agriculture  . 4  10 

Astronomical  Physics  ..  ..  2 

Mathematics  and  Mechanical  Drawing,  £3  per  term. 
Geometrical  Drawing  ^3  per  session.  Freehand  Draw¬ 
ing-  £*  Per  term- 

The  fees  for  the  first  two  years  amount  to  about 


£75,  and  for  the  remainder  of  the  course  for  the  Asso¬ 
ciateship  they  vary  from  £30  to  about  £40. 


Both  the  private  and  the  State-aided  students  are  re* 
quired  to  furnish  themselves  with  certain  instruments  and 
apparatus  before  the  commencement  of  the  courses. 
These  are  enumerated  in  the  syllabuses  of  the  several 
subjects. 

Officers  of  the  Army,  Navy,  and  Civil  Service,  recom¬ 
mended  by  their  respective  Departments,  are  admitted  to 
the  Lectures  and  Laboratories  at  half  the  foregoing 
charges. 

Associates  of  the  Normal  School  of  Science  or  of  the 
Royal  School  of  Mines  have  the  privilege  of  free  admis¬ 
sion  to  the  Library  and  to  all  the  courses  of  lectures. 

Science  teachers  actually  engaged  in  teaching  who  are 
registered  by  the  Science  and  Art  Department  as  qualified 
to  earn  payments  for  teaching  Science  may  attend  any 
course  of  lectures  on  the  payment  of  £1. 

Several  valuable  Exhibitions,  Scholarships,  and  Prizes 
are  attached  to  the  studentship. 

Summer  Courses  for  Teachers. — Short  courses  of  in¬ 
struction  are  given  annually,  about  July,  in  different 
branches  of  science  for  the  benefit  of  teachers  of  science 
schools  in  the  country.  The  courses  last  three  weeks. 
About  200  teachers  are  admitted  to  them,  and  they  re¬ 
ceive  3rd  class  railway  fare  to  and  from  South  Kensington, 
and  a  bonus  towards  their  incidental  expenses  of  £3  each. 
(See  Science  Directory.) 

Working  Men's  Lectures. — Three  courses  of  evening 
lectures  for  working  men  will  be  given  during  the  session 
in  Astronomy,  Chemistry,  and  Mechanics.  The  admission 
to  each  course  of  six  lectures  will  be  6d.  The  number 
of  tickets  is  limited  by  the  size  of  the  leCture  theatre. 

UNIVERSITY  COLLEGE  OF  WALES, 
ABERYSTWYTH. 

Professor. — H.  LI.  Snape,  D.Sc.  (Lond.),  Ph.D, 
(Goettingen),  F.I.C. 

Demonstrator. — A.  W.  Warrington,  M.Sc.  (Vic.).,  F.I.C. 

The  College  is  open  to  male  and  female  students  above 
the  age  of  sixteen  years.  The  Session  commences  on 
Monday,  September  29,  on  which  day  all  Students  will 
be  expected  to  meet  the  Professors  in  the  Library  of  the 
College. 

Lecture  Courses. — (1)  Matriculation  Course  ;  two  lec¬ 
tures  weekly  during  the  Lent  and  three  during  the  Easter 
Term.  (2)  Intermediate  Science  Pass  Course ;  three 
lectures  weekly  during  the  Lent  and  Easter  Terms.  For 
those  Students  who  have  selected  Physics  or  Botany 
instead  of  Chemistry  at  the  Matriculation  Examination, 
an  Introductory  Course  of  three  lectures  weekly  will  be 
delivered  during  the  Michaelmas  Term.  (3)  Intermediate 
Science  Honours  Course  ;  two  lectures  weekly  during  the 
Lent  and  Easter  Terms.  (4  and  5)  B.Sc.  Pass  and 
Honours  Courses  ;  each  three  lectures  weekly  throughout 
the  Session. 

Laboratory  Courses. — The  Laboratory  is  open  daily 
from  10  a.m.  to  1  p.m.,  and  from  2  to  5  p.m.,  except  on 
Saturdays.  Classes  for  the  Systematic  Study  of  Quali¬ 
tative  and  Quantitative  Analysis  will  be  formed,  and 
Special  Courses  will  be  arranged  for  those  who  intend  to 
follow  Medicine  or  Pharmacy,  or  any  one  particular 
branch  of  Applied  Chemistry,  always  provided  that  such 
Students  possess  the  requisite  knowledge  of  Theoretical 
Chemistry.  The  hours  will  be  arranged  to  suit  the  re¬ 
quirements  of  the  individual  Student. 

Students  intending  to  proceed  to  the  M.B.  or  B.Sc. 
Degree  of  the  University  of  Edinburgh  may  count  one  or 
two  years’  residence  respectively  spent  at  this  College. 

Fees. — The  Fee  (or  the  whole  Session,  if  paid  in  ad¬ 
vance,  is  ;£io  ;  if  paid  by  Single  Terms,  for  the  first  term 
of  attendance  in  each  Session,  £4  ;  for  the  second  term, 
£3  10s.  ;  for  the  third  term,  £3.  These  composition  fees 
enable  the  Student  to  attend  any  or  all  the  Classes  of  the 
College,  with  the  exception  that  a  small  extra  fee  is 
charged  for  Laboratory  Instruction.  Thus,  for  Practical 
Chemistry,  the  additional  fee  is,  for  six  hours’  work  per 
week,  10s.  per  term,  and  for  twelve  hours,  20s.  per  term. 
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The  fees  for  those  who  desire  to  spend  several  days 
weekly  in  the  laboratory  may  be  learned  on  application 
to  the  Registrar.  Fee  for  a  single  Ledture  Course  £1 
per  term. 

Scholarships  and  Exhibitions  varying  in  value  from^io 
to  ^40  per  annum  will  be  offered  for  competition  at 
examinations  which  commence  on  September  17,  and 
exhibitions  are  awarded  at  the  end  of  the  Session  on  the 
results  of  the  class  examinations. 

The  Chemical  Laboratories  in  connedtion  with  this 
College  have  been  recently  built,  and  are  fitted  with  every 
convenience  for  the  prosecution  of  chemical  studies. 

UNIVERSITY  COLLEGE  OF  NORTH  WALES, 
BANGOR. 

Chemistry. — Professor,  James  J.  Dobbie,  M.A.,  D.Sc. 
Demonstrator,  George  McGowan,  Ph.D.,  F.R.S.E. 

Physics. — Professor,  Andrew  Gray,  M.A.,  F.R.S.E. 
Demonstrator,  David  M.  Lewis,  M.A. 

The  Session  opens  September  30th,  1890.  All  regular 
classes  are  open  to  men  and  women  students  above  the 
age  of  16  years.  The  following  Courses  of  Ledtures  will 
be  given. 

Matriculation  Course. — Subjedts:  Those  prescribed  for 
the  London  University  Matriculation  Examination.  A 
class  for  revision  of  Matriculation  Work  will  be  held 
during  the  Summer  Term.  Fee  for  the  Term,  £1  is. 

Intermediate  Course.— Elementary  Physical  Chemistry. 
Fee  for  the  Term,  £2.  2s. 

B.Sc.  Course.—  Organic  Chemistry.  Fee  for  the  Session, 

£3  3S. 

Medical  Course. — Inorganic  and  Organic  Chemistry. 
Fee  for  the  whole  Course,  £4  4s. 

Agricultural  Chemistry. — Fee,  £1  is. 

Laboratory  Courses. — The  laboratory  is  open  on  five 
days  of  the  week  from  10  a.m.  to  4  p.m.  for  instrudtion  in 
Chemical  Analysis  and  in  the  Application  of  Chemistry 
to  Medicine  and  the  Industrial  Aits.  Fees  :  six  hours 
per  week,  £1  is.  per  Term ;  twelve  hours,  £2  2s. ; 
eighteen  hours,  £3  3s.  ;  twenty-four  hours,  ^4  4s. 

.  A  Committee  has  been  appointed  to  frame  a  complete 
scheme  of  Agricultural  Instrudtion  for  North  Wales,  and 
the  College  has  received  a  grant  of  ^400  from  the  Board 
of  Agriculture.  Three  Dairy  Schools  in  connedtion  with  the 
College  have  been  established  in  Welshpool,  Denbigh, 
and  Bangor,  and  an  Agricultural  Department  will  be 
opened  next  session,  in  which  students  may  receive  a 
complete  training  in  Agricultural  Science, 

UNIVERSITY  COLLEGE  OF  SOUTH  WALES 
AND  MONMOUTHSHIRE. 

Professor. — C.  M.  Thompson,  M.A.,  D.Sc.,  F.C.S. 
Demonstrator. — G.  S.  Turpin,  M.A.,  D.Sc. 

The  Session  commences  Odtober  6th,  and  terminates 
in  June,  and  is  divided  into  three  terms. 

The  Junior  Course  (delivered  during  the  Michaelmas 
term  only)  consists  of  about  55  ledtures,  and  will  cover  the 
subjedts  prescribed  for  the  London  University  Matricula¬ 
tion  examination.  Fee,  £2  2s.  A  revision  class  is  held 
in  the  Summer  term. 

The  Intermediate  Course  consists  of  90  ledtures  in  con¬ 
tinuation  of  the  Junior  Course,  and,  together  with  labora¬ 
tory  practice,  will  cover  the  subjedts  required  for  the  Inter¬ 
mediate  Examination  in  Science  and  the  Prel.  Sci.  (M.B  ) 
Examination  of  the  University  of  London.  Fee  £3  3s. 

The  Seni'or  Course  includes  some  go  ledtures  devoted  to 
Organic  Chemistry  ;  Fee,  ^3  3s. 

An  Elementary  Organic  Course  of  10  ledtures,  and 
a  course  of  30  ledtures  on  Qualitative  and  Quantitative 
Analysis  will  also  be  given. 

In  the  laboratory  each  student  works  independently,  so 
that  the  course  of  study  may  be  adapted  to  the  require¬ 
ments  of  the  individual.  Hours,  9  to  1  and  2  to  4.30 ;  Satur¬ 
day,  g  to  1.  Fees — Six  hours  per  week,  £3  3s.  per  session  ; 
twelve  hours,  £2  2s.  per  term ;  eighteen  hours,  £3  3s. 
per  term  ;  twenty-four  hours  £4  4s.  per  term. 


Professors  Thompson  and  Parker  are  recognised  by  the 
Universities  of  Edinburgh,  Glasgow,  and  Aberdeen  as 
teachers  in  Chemistry  and  Natural  History  respedtively,  so 
that  registered  Medical  Students  can  spendoneyearof  their 
course  at  the  University  College,  Cardiff.  The  College  is 
also  recognised  as  an  institution  at  which  two  years  of 
the  course  for  the  degree  of  Bachelor  of  Science  of  the 
University  of  Edinburgh  may  be  spent. 

Students  by  making  a  payment  of  ^10  at  the  com¬ 
mencement  of  each  session  may  compound  for  all  ledture 
fees  for  the  whole  session.  Laboratory  fees  are  not  in¬ 
cluded  in  the  composition  fee. 

At  the  entrance  examination  in  September,  and  the 
annual  examination  in  June,  several  scholarships  and 
exhibitions  are  awarded.  Great  importance  is  attached 
to  special  excellence  in  one  subjedt. 

The  College  Prospedtus,  and  also  further  information  as 
to  scholarships,  may  be  obtained  from  the  Registrar. 

A  Hall  of  Residence  for  Female  Students  is  attached  to 
the  College. 

UNIVERSITY  COLLEGE,  BRISTOL. 

Professor  of  Chemistry  .Sydney  Young,  D.Sc. 

Lecturer. —  Arthur  Richardson,  Ph.D. 

The  session  1890-91  will  begin  on  Odtober  1st.  Lectures 
and  classes  are  held  every  day  and  evening  throughout 
the  Session.  In  the  Chemical  Department  ledtures  and 
classes  are  given  in  all  branches  of  theoretical  chemistry, 
and  instrudtion  in  pradtical  chemistry  is  given  daily  in  the 
chemical  laboratory.  The  department  of  experimental 
physics  includes  various  courses  of  ledtures  arranged  pro¬ 
gressively,  and  pradtical  instrudtion  is  given  in  the  physical 
and  eledtrical  laboratory.  The  Department  of  Engineering 
and  the  Construdtive  Professions  is  designed  to  afford  a 
thorough  scientific  education  to  students  intending  to 
become  engineers,  or  to  enter  any  of  the  allied  professions, 
and  to  supplement  the  ordinary  professional  training  by 
systematic  technical  teaching.  1'his  department  includes 
courses  specially  arranged  for  students  intending  to 
become  civil,  mechanical,  eledtrical,  or  mining  engineers, 
surveyors,  or  architedts.  Those  who  attend  the  mechanical 
engineering  course  enter  engineering  works  during  the 
six  summer  months,  and,  in  accordance  with  this  scheme, 
various  manufadluring  engineers  in  the  neighbourhood 
haveconsented  to  receive  students  of  the  College  into 
their  offices  and  workshops  as  articled  pupils  at  reduced 
terms.  Medical  education  is  provided  by  the  Bristol 
Medical  School,  which  is  affiliated  to  the  College.  Several 
Scholarships  are  tenable  at  the  College.  Full  information 
may  be  obtained  of  the  Secretary. 

Day  Lectures. 

Inorganic  Chemistry . 

The  Course  treats  of  the  principles  of  Chemistry,  and  of 
the  Chemistry  of  the  Non-Metals  and  Metals. 

Ledtures  will  be  given  daily  at  10  and  11  o’clock. 

Organic  Chemistry . 

This  Course  will  relate  to  the  more  important  groups  ol 
the  Compounds  of  Carbon. 

Ledtures  will  be  given  during  the  Second  Term  on 
Tuesdays  and  Thursdays  at  10  o’clock  ;  during  the  Third 
Term  on  Mondays,  Wednesdays,  and  Fridays  at  10  o’clock. 
Fee,  £3  3s* 

Practical  Chemistry  .—Laboratory  Instruction. 

The  Laboratory  will  be  open  daily  from  10  a.m.  to  5 
p.m.,  except  on  Saturdays,  when  it  is  closed.  Instruc¬ 
tion  will  be  given  in  the  Laboratory  in  all  branches 
of  Pradtical  Chemistry,  including  Qualitative  and  Quanti¬ 
tative  Inorganic  and  Organic  Analysis,  the  preparation  of 
Chemical  Produdts,  and  Inorganic  and  Organic  Research. 
Special  facilities  will  be  afforded  to  those  who  desire  to 
study  Pradtical  Chemistry  as  applied  to  the  different  pro¬ 
cesses  employed  in  the  Arts  and  Manufactures,  and  to 
Scouring,  Bleaching,  and  Dyeing.  The  Laboratory  is 
under  the  immediate  supervision  of  the  Professor  and  the 
Ledturer.  Fees  in  Guineas — * 
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5  Days  a 

4  Days  a  3  Days  a  2  Days  a  1  Day  a 

Week. 

Week. 

Week.  Week.  Week. 

Per  Session  . . 

••  15 

13 

IO  7J  5 

,,  Two  Terms 

. .  II 

9 

7i  5£  4 

,,  One  Term 

..  6 

5 

43  2 

,,  Month  .. 

3 

2l 

2  ik  — 

Students  may  arrange  to  divide  their  days  of  laboratory 
work  into  half-days. 


Analytical  Course. 

A  Course  of  Lectures  on  the  Principles  of  Qualitative 
Analysis  will  be  given  during  the  First  and  Second  Terms; 
it  is  intended  to  supplement  the  instruction  in  Practical 
Chemistry.  All  first  year’s  Laboratory  Students  are 
expected  to  attend  this  Course.  The  Lectures  will  be 
given  on  Mondays  at  10  a.m.  Fee,  £1  is.  for  the  two 
Terms. 


satisfy  the  requirements  of  Students  preparing  for  the 
Associateship  of  the  Institute  of  Chemistry,  so  far  as 
attendance  at  lectures  on  General  and  Theoretical 
Chemistry  is  concerned. 

1.  From  October  to  March  (Winter  and  Spring  Terms). 
About  eighty  lectures  on  Inorganic  Chemistry  and 
Chemical  Philosophy  will  be  given  on  Mondays, Tuesdays, 
Wednesdays,  and  Thursdays,  at  9.30  a.m.  f'ee,  £5  5s. 
for  the  course. 

2.  April  to  June  (Summer  Term).  About  thirty  lectures 
will  be  given  on  Elementary  Organic  Chemistry,  or  the 
chemistry  of  the  most  important  series  of  carbon  com¬ 
pounds.  This  course  will  include  all  the  subjects  required 
for  the  Intermediate  Examination  in  Medicine  of  the  Uni¬ 
versity  of  London.  LeCture  Days — Monday,  Tuesday 
and  Wednesday  at  9.30  a.m.  Fee,  £1  ns.  6d. 


Photographic  Chemistry. 

Instruction  will  be  given  in  the  Photographic  Laboratory 
in  Dry-plate  Processes,  Printing,  Enlarging,  and  in 
Microscopical  Photography,  at  times  to  be  arranged  with 
those  who  enter.  Fee,  £3  3s.  for  each  Term. 

Chemical  Scholarship. — Among  others,  a  Chemical 
Scholarship  of  £25  is  offered  for  competition. 

Evening  Lectures. 

Two  courses  of  Lectures  will  be  delivered  during 
the  First  and  Second  Terms;  they  will  be  devoted  to  the 
consideration  of  the  general  Principles  of  Chemistry  and 
Chemical  Physics  and  the  Chemistry  of  Non-Metallic 
Elements.  Special  attention  will  be  paid  throughout  to 
those  products  which  have  a  practical  application  in  the 
Arts  and  Manufactures. 

A  course  of  Lectures  will  also  be  delivered  on  Photo¬ 
graphic  Chemistry.  Fee  for  each  course,  7s.  6d. 

With  the  approval  of  the  Council  of  the  Institute  of 
Chemistry  students  desiring  to  qualify  as  Associates  may 
pass  through  the  requisite  amount  of  study  at  this 
College,  which  has  also  been  approved  as  a  centre  for 
the  Practical  Examination  of  the  Institute. 

MASON  SCIENCE  COLLEGE,  BIRMINGHAM. 

Professor.—  W.  A.  Tilden,  D.Sc.  Lond.,  F.R.S. 

Assistant  Lecturers. — W.  W.  J.  Nicol,  M.A.,  D.Sc. 
Edin.,  and  Thomas  Turner,  Assoc. R.S.M.,  F.C.S. 

Demonstrator. — T.  Rhymer  Marshall,  D.Sc.  Edin. 

The  Session  will  be  opened  on  Tuesday,  September3oth 
1890. 

Elementary  Course. 

Forty  LeCtures  adapted  to  the  requirements  of  beginners 
will  be  given  in  the  Winter  and  Spring  Terms.  A  Second 
Course  of  Twenty  LeCtures,  having  reference  only  to  the 
subjects  included  in  the  syllabus  of  the  Matriculation  Ex¬ 
amination  of  the  University  of  London,  will  be  given  in 
the  Summer  Term.  LeCture  days- — Wednesdays  and 
Fridays  at  11.30,  Thursdays  at  3.30. 

Persons  entirely  unacquainted  with  Chemistry  are 
recommended  to  attend  the  first  of  these  Courses  before 
entering  for  the  General  Course,  which  commences  in 
October.  Candidates  for  the  Matriculation  Examination  of 
the  University  of  London  are  advised  to  attend  both  these 
Courses. 

General  Course. 

The  General  Course  of  LeCtures  on  Chemistry  will  be 
ound  useful  by  Students  who  are  afterwards  to  become 
Engineers,  Architects,  Builders,  Brewers,  or  Manufac¬ 
turers  (such  as  Metallurgists,  Alkali,  Soap,  Manure,  Glass, 
or  Cement  Makers,  Bleachers  and  Dyers,  &c.) 

.  Students  preparing  for  the  Intermediate  Examination 
in  Science  and  Preliminary  Scientific  (M.B.)  Examination 
of  the  University  of  London  should  attend  the  LeCtures 
on  Inorganic  Chemistry  (Winter  and  Spring  Terms). 

Candidates  for  B.Sc.  and  Intermediate  Examinations 
in  Medicine  will  in  general  require  only  that  part  of 
the  course  (Summer  Term)  which  relates  to  Organic 
Chemistry. 

The  full  course,  extending  over  three  terms,  will  also 


Advanced,  Course. 

An  Advanced  Course  for  the  study  of  Theoretical 
Chemistry  and  those  parts  of  the  subject  which  are 
required  for  the  degree  of  B.Sc.  in  the  University  of 
London  will  meet  once  or  twice  a  week.  Fee  for  the 
session,  £3  3s. 

Laboratory  Practice. 

The  College  Laboratory  is  open  daily  from  g.30  to 
5,  except  on  Saturdays,  when  it  will  be  closed  at  1  p.m. 

Candidates  for  Intermediate  Examination  in  Science, 
Preliminary  Scientific  (M.B.),  B.Sc.,  and  Intermediate 
Examination  in  Medicine  of  the  University  of  London, 
may  obtain  in  the  Laboratory  of  the  College  the  instruc¬ 
tion  necessary.  The  three  months  Course  of  Practical 
Chemistry  for  the  B.Sc.,  Edinburgh,  in  the  department 
of  Public  Health,  may  be  taken  in  the  Mason  College 
Laboratory.  Fees  : — 


All  day. 


Three  hours 
per  day. 


One  Term .  7  guineas  ..  ..  4i  guineas. 

Two  Terms  ....  13  „  ....  8^  ,, 

Threee  Terms  ....  18  ,,  ....  12  ,, 

,  A  Course  of  short  demonstrations  and  exercises  is 
l  given  by  the  Professor  or  one  of  his  Assistants  once  a 
week.  All  first-year  Students  are  required  to  attend, 
unless  exempted  for  special  reasons  by  the  Professor.  No 
Fee. 


Metallurgy. 

Three  Courses  of  Ten  Lectures  will  be  given  on  the 
Principles  and  Practice  of  Metallurgy.  Fee,  10s.  6d.  for 
each  course.  A  more  advanced  course  upon  selected  sub¬ 
jects  is  also  given  by  Mr.  Turner,  the  Lecturer  in  Metal¬ 
lurgy. 

There  is  a  separate  laboratory  for  metallurgical  students 
in  which  provision  is  made  for  instruction  in  assaying,  &c. 


Evening  Classes. 

Several  Courses  of  Evening  Lectures  are  arranged 
during  the  Winter  and  Spring  Terms  of  each  session.  The 
subjects  are  treated  in  a  less  technical  manner  and  the 
fees  are  nominal. 

Excursions , 

During  previous  Sessions  permission  has  been  obtained 
to  visit  some  of  the  great  factories  in  or  near  Birmingham, 
in  which  chemical  and  metallurgical  industries  are  carried 
on.  Students  have  thus  had  most  valuable  opportunities 
of  gaining  a  practical  acquaintance  with  some  branches  of 
Applied  Science.  The  privilege  thus  courteously  granted 
by  several  manufacturers  will,  it  is  hoped,  be  enjoyed  in 
every  future  Session.  The  excursions  will  be  conducted 
by  the  Professor. 


BRADFORD  TECPINiCAL  COLLEGE. 
Chemistry  and  Dyeing  Department. 
Professor. — Christopher  Rawson,  F.I.C.,  F.C.S. 
Demonstrator. — Percy  Kay. 

Lecturer  on  Botany  and  Materia  Medica.  —  William 
West,  F.L.S. 

The  school  year  is  divided  into  three  terms.  The 
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1  Sept.  19,  1890. 


Session  began  on  September  15th  and  terminates  on 
July  10th.  The  course  of  instruction  extends  over  two 
years,  and  embraces  Lecture  Courses  on  Inorganic  and 
Organic  Chemistry,  the  technology  of  the  textile  fibres, 
mordants,  natural  and  artificial  colouring  matters, 
technical  analysis,  and  laboratory  practice  in  analytical 
chemistry,  chemical  preparations,  and  dyeing.  Inclusive 
fee,  £4  4s.  per  term. 

During  the  first  and  second  terms  Evening  Classes  are 
held  for  the  benefit  of  persons  engaged  during  the  day  and 
for  pharmaceutical  students. 

ROYAL  AGRICULTURAL  COLLEGE, 
CIRENCESTER. 

Chemical  Department. 

Professor. — Prof.  E.  Kinch,  F.C.S.,  F.I.C. 

Assistants. — A.  G.  Bloxam,  F.C.S.,  A. I.C.,  and  W. 
James. 

Systematic  courses  of  Lectures  are  given  on  the  various 
branches  of  Chemistry  in  its  relation  to  Agriculture,  illus¬ 
trated  by  experiments,  and  by  the  collections  in  the  College 
Museum.  They  comprise  the  laws  of  Chemical 
Combination  and  the  general  Chemistry  of  mineral 
bodies,  and  of  the  more  frequently  occurring  bodies  of 
organic  origin,  with  the  relationships  of  their  leading 
groups;  and,  finally,  the  applications  to  practical  opera¬ 
tions  of  the  Chemistry  of  the  atmosphere,  of  soils  and 
manures,  of  vegetation  and  stock  feeding,  and  of  the  pro¬ 
cesses  and  products  of  the  dairy. 

In  the  Laboratory  practical  instruction  is  given  in 
the  construction  and  use  of  apparatus  and  in  Chemical 
manipulation  and  analysis,  both  qualitative  and  quantita¬ 
tive.  After  studying  the  simple  operations  and  the 
properties  of  the  commonly  occurring  substances,  the 
Students  are  taught  to  analyse  a  series  of  compounds, 
and  apply  the  knowledge  thus  obtained  to  the  analysis  of 
manures,  soils,  waters,  feeding  stuffs,  dairy  produces,  and 
other  substances  met  with  in  the  ordinary  course  of  Agricul¬ 
tural  practice.  Chemico-agricultural  researches  are  under¬ 
taken  by  the  senior  Students  under  the  direction  of  the 
Professor  and  his  Assistants. 

VICTORIA  UNIVERSITY. 

THE  YORKSHIRE  COLLEGE,  LEEDS. 

Professor  of  Chemistry . — Arthur  Smithells,  B.Sc.  Lond.t 
F.C.S. 

Assistant  Lecturers. —  C.  H.  Bothamley,  F.C.S.,  and 
Herbert  Ingle,  F.C.S. 

The  Session  begins  Odober  7,  1890. 

Lecture  Courses. 

1.  General  Course  of  Chemistry. — Monday,  Wednesday, 
and  Friday,  at  11.30  a.m.,  from  October  to  the  end  of  the 
second  term,  and  during  part  of  the  third  term.  Fee  for 
the  Course,  £4  4s. 

2.  Inorganic  Chemistry. — First  years’  Flonours  Course, 
Non-metals.  Monday,  Wednesday,  and  Friday,  at  9.30 
a.m.  Fee,  £3  13s.  6d. 

3.  Inorganic  Chemistry.  —  Second  years’  Honours 
Course,  Metals.  Tuesday,  Thursday,  and  Saturday  at 
9.30  a.m.  Fee,  £3  13s.  6d. 

4.  Organic  Chemistry. — Tuesday  and  Thursday  at  11.30 

p.m.  Fee  £2  12s.  6d. 

5.  Theoretical  Chemistry. —  Advanced  Course.  Fee, 
£1  ns.  6d. 

6.  Chemistry  as  Applied  to  Coal  Mining. —  Tuesday 
during  the  First  Term,  at  4  p.m. 

7.  Photographic  Manipulation. — A  Course  of  Ten  Les¬ 
sons  will  be  given  on  Fridays,  from  2  to  5,  during  the 
Third  Term,  with  special  reference  to  dry  plate  processes 
and  silver  and  platinum  printing.  Fee,  £r. 

Laboratory  Courses. 

The  College  Laboratory  will  be  open  daily  from  9  a.m. 
to  1  p.m.,  and  from  2  to  5  p.m.,  except  on  Saturdays, 
when  it  will  close  at  1  p.m. 


Fees  for  the  Session — Students  working  six  days  per 
week,  £18  18s. ;  five,  £16  16s.  ;  four,  £14  14s. ;  three,  £12 

I2S. 

Class  in  Practical  Chemistry,  Saturday  mornings,  from 
9.30  to  12.30.  Fee  £1  ns.  6d. 

Practical  Chemistry  f or  Medical  Students. — On  Tuesday 
and  Thursday,  from  10  to  12  a.m.,  from  May  to  Tuly. 

Evening  Classes. 

A  Course  of  twenty  Ledures  by  Mr.  C.  H.  Bothamley, 
on  the  Elements  of  Inorganic  Chemistry  (the  Non- 
Metals)  will  begin  during  the  first  and  second  Terms, 
on  Wednesdays,  at  7.30  p.m.,  beginning  Odober  9.  Fee, 
10s.  6d. 

Dyeing  Department. 

Professor. — J.  J.  Hummel,  F.C.S. 

This  Course  extends  over  a  period  of  three  years,  and 
is  intended  for  those  who  wish  to  obtain  a  full  scientific 
and  practical  education  in  the  art  of  dyeing.  It  is  suitable 
for  those  who  purpose  in  the  future  to  take  any  part  in 
the  diredion  of  the  operations  of  dyeing  or  printing  of 
textile  fabrics,  e.g.,  the  sons  of  manufadurers,  calico 
printers,  managers,  master  dyers,  &c. 

Several  valuable  Scholarships  are  at  the  disposal  of  the 
College,  viz.,  the  Cavendish,  Salt,  Akroyd,  Brown,  Emsley, 
Craven,  and  Clothworkers’  Scholarships,  and  the  Leighton 
Trustees’  Exhibition,  and  one  of  the  new  1851  Exhibition 
Scholarships. 

UNIVERSITY  COLLEGE,  LIVERPOOL. 

Professor. — J.  Campbell  Brown,  D.Sc. 

Demonstrators. — C.  A.  Kohn,  B.Sc.,  Ph.D.,  and  T.  L. 
Bailey,  Ph.D. 

Assistant. —  H.  Id.  Froysell. 

The  Session  commences  Odober  2nd. 

The  Classes  are  arranged  to  suit  the  requirements  of 
candidates  for  the  Ordinary  B.Sc.  Degree,  for  Chemistry 
Honours,  or  for  the  D.Sc.  Degree  in  Vidoria  University  ; 
for  Degrees  in  Medicine  of  Vidoria,  London,  and  Edin¬ 
burgh  ;  for  a  special  Technological  Certificate  of  Uni¬ 
versity  College  ;  and  for  those  studying  Chemistry  as  a 
preparation  for  professional,  technical,  or  commercial  life. 
The  Classes  qualify  for  the  Fellowship  of  the  Institute  of 
Chemistry  of  Great  Britain  and  Ireland,  and  other 
Examination  Boards. 

Lecture  Courses. 

General  Elementary  Course  on  the  principal  non- 
metallic  elements  and  the  most  important  metals,  the 
principles  of  Chemical  Philosophy,  and  an  introdudory 
sketch  of  Organic  Chemistry. 

Course  A. — Non-metals. 

Course  B. — Metals. 

.  Course  C. — Organic  Chemistry. 

Course  D. — Physical  Chemistry. 

Course  E. —  History  of  Chemistry  and  of  the  Develop¬ 
ment  of  Modern  Chemical  Philosophy. 

Course  F. — Technological  Chemistry :  Ledures  on 
Technology  are  given  in  connedion  with  Laboratory  work 
at  hours  to  be  arranged.  The  subjeds  are  varied  in 
different  years.  (1)  Alkali  and  Allied  Manufadures. 
(2)  Copper,  Iron,  and  Steel.  (3)  Distillation  of  Coal,  and 
Tar  Industries.  (4)  Fuel.  (5)  Chemistry  Applied  to  Sanita¬ 
tion.  (6)  Technical  Gas  Analysis.  (7)  Spedroscopy. 

Practical  Classes. 

(1)  Junior.  (2)  Intermediate:  Qualitative  Analysis  of 
Inorganic  Substances  and  of  some  of  the  more  common 
Organic  Substances.  (3)  Special :  For  the  Conjoint  Board 
of  Colleges  of  Physicians  and  Surgeons.  (4).  Senior: 
Pradical  Organic  (Advanced  Medical  Class).  (5)  Pradical 
Exercises  on  Technology,  Pharmaceutical  Chemistry, 
Sanitary  subjeds,  Adulterations  of  Drugs  and  of  Food' 
Examination  of  Water  and  Air,  of  Animal  Secretions 
Urinary  Deposits,  Calculi,  and  Poisons.  (6)  Quantitative 
Class:  Course  arranged  to  suit  the  requirements  of  the 
London  University  B.Sc.  Examinations,  Pass  and 
Honours,  and  for  Inter-mediate  M.B.  Honours. 
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Chemical  Laboratory . 

The  Chemical  Laboratories  provide  accommodation  for 
every  kind  of  chemical  work. 

Table  of  Fees. 


Per  Week. 

One 

Month. 

One  Term,  Two  Terms, 
Three  Months.  Six  Months. 

Three  Terms, 
One  Session. 

One  day 

— 

£4 

£6 

Two  days  . . 

— 

6 

8 

10 

Three  days. . 

£a 

8 

10 

12 

Four  days  .. 

5 

9 

12 

15 

Five  days  . . 

— 

10 

14 

IS 

Students  desirous  of  gaining  a  thorough  theoretical  and 
practical  acquaintance  with  Technical  Chemistry,  or  who 
intend  to  adopt  Chemical  work  as  a  profession,  must 
devote  three  or  four  years  to  special  study. 

T echnological  Curriculum- 

First  Year. — Chemistry,  either  the  Elementary  Course 
or  Course  A,  according  to  the  previous  knowledge  of  the 
Student.  Practical  Classes  i  and  2.  Mathematics  and 
Mechanics.  Engineering  Drawing  and  Design  (in  this 
or  the  following  year).  French  or  German.  Physics. 

Second  Year. — Chemistry — Courses  A  and  B  ;  Chemical 
Laboratory  three  days  per  week,  and  the  Practical 
Organic  Class  during  the  Summer  Term  ;  Technological 
Chemistry,  Course  F.  Physics,  with  laboratory  work. 
Mathematics  (intermediate).  German.  Intermediate  B. Sc. 
Examination  may  be  passed. 

Third  Year. — Chemistry,  Lecture  Course  on  Organic 
Chemistry,  C,  Lecture  Course  E,  Technological  Chemistry, 
Course  F.  Chemical  Laboratory.  Engineering,  Mathe¬ 
matics,  or  Physics  (advanced).  The  P'inal  Examination 
for  the  Vidtoria  B.Sc.  may  be  taken,  or  the  Examination 
for  the  associateship  of  the  Institute  of  Chemistry. 

Fourth  Year. — Courses  D  and  F  ;  part  of  Course  C. 
Any  other  Courses  omitted  in  a  previous  year.  Laboratory, 
five  daysperweek.  Students  may  finally  choose  a  special 
subjedt  either  of  research  or  of  applied  Chemistry. 
Three  years  study  after  passing  the  Preliminary  Exam¬ 
ination  of  Vidtoria  University  are  required  for  the  B.Sc. 
Degree  in  the  Honours  School  of  Chemistry. 


Evening  Classes. 

Ledtures  will  be  given  on  the  Chemistry  of  Photography, 
and  Copper  and  its  Manufadture. 

The  Sheridan  Muspratt  Chemical  Scholarship  of  ^50 
per  annum,  tenable  for  two  years,  and  a  Sheridan  Muspratt 
Exhibition  of  £25  per  one  year,  will  be  awarded  in 
December,  i8gi,  on  an  Examination  in  subjedts  which  are 
included  in  the  first  two  years  of  the  above  curriculum. 
Other  Scholarships,  Entrance  Scholarships,  and  Free 
Studentships  are  also  available  to  Students. 

The  Prospedtus  containing  full  particulars  may  be 
obtained  from  F.  and  E.  Gibbons,  19,  Ranelagh  Street, 
Liverpool,  price  6d. ;  or  from  the  Registrar,  University 
College,  Liverpool. 


LIVERPOOL  COLLEGE  OF  CHEMISTRY. 

Principal. — George  Tate,  Plr.D.,  F.I.C.,  F.C.S. 

The  Laboratories  are  open  daily  from  10  to  5,  excepting 
Saturdays,  when  they  close  at  1  p.m.  The  course  of  in- 
strudlion  is  adapted  to  the  requirements  of  students  of 
Chemistry  as  a  science,  and  in  its  applications  to  chemical 
and  metallurgical  industries.  The  fee  for  a  three  years’ 
course  of  study  is  eighty  guineas,  or  per  session  of 
three  months  eight  guineas. 

Prospedtuses,  containing  full  particulars  of  the  day  and 
evening  classes,  may  be  had  on  application  at  the  College. 


DURHAM  COLLEGE  OF  SCIENCE, 
NEWCASTLE-ON-TYNE. 

Professor  of  Chemistry. — P.  Phillips  Bedson,  D.Sc.,  , 
F.C.S. 

Assistant  Lecturer  and  Demonstrator — Saville  Shaw, 

F.C.S. 


The  Session  will  commence  on  September  29th,  1890. 

Junior  Division  :  First  Year  Course. — This  Course  of 
Ledtures  will  extend  over  the  three  terms  of  the  Session, 
and  is  intended  to  serve  as  an  introdudtion  to  the  Science. 
The  Ledtures  will  be  of  an  elementary  charadter,  and 
whilst  framed  to  meet  the  requirements  of  First  Year 
Students  will  also  be  serviceable  to  such  as  intend  pursuing 
Chemistry  in  its  various  applications  in  the  arts  and 
manufadtures,  as,  for  instance,  Brewing,  Metallurgy,  the 
Manufadture  of  Soda,  Soap,  Glass,  &c.  The  subjedts 
treated  will  include  an  exposition  of  the  Principles  of 
Chemistry,  and  a  description  of  the  preparation  and 
properties  of  the  chief  Elementary  Substances,  both 
metallic  and  non-metallic,  and  their  more  important 
native  and  artificial  compounds.  The  class  will  meet  on 
Mondays,  Wednesdays,  and  Fridays,  at  xi  a.m.,  and 
will  commence  on  Wednesday,  Odtober  8th. 

Senior  Division:  Second  Year  Course. — A  Course  of 
about  ninety  Ledtures  will  be  given  throughout  the  Session 
the  subjedt  of  which  will  be  Organic  Chemistry,  or  thej 
Chemistry  of  the  Carbon  Compounds.  This  class  wil 
meet  on  Tuesdays  and  Thursdays,  at  11  am.,  and  wil 
commence  on  Tuesday,  Odtober  9th. 

Fee,  for  either  Course,  £3  10s.  for  the  Session. 

Advanced  Classes  will  be  formed  for  the  study  of 
Inorganic,  Organic,  and  Theoretical  Chemistry.  Fee  for 
each  course,  £2  2s. 

A  Ledture  Course  in  Analytical  Chemistry  will  be  given 
on  Mondays,  at  3  p.m.,  commencing  Odtober  13th.  Fee, 
£1  is. 

Practical  Chemistry. — The  Laboratory  is  open  from 
10  a.m.  to  1  p.m.,  and  from  2  to  5  p.m.,  except  on  Satur¬ 
days,  when  it  closes  at  1  p.m.  Laboratory  Fees.— Students 
working  six  days  per  week,  £3  5s.  per  term  ;  alternate 
days,  £3  3s. ;  one  day  per  week,  is. 

Courses  of  Study. — Students  will  be  divided  into  two 
classes: — (1)  Regular,  or  Matriculated  Students;  and 
(2)  Non-Matriculated  Students.  Regular  Students  will 
be  required  to  follow  such  a  course  of  study  in  the 
subjedts  professed  in  the  College  as  will  enable  them 
to  pass  the  Examinations  for  the  title  of  Associate 
in  Physical  Science.  Non-Matriculated  Students  will 
attend  such  classes  as  they  may  seledt.  Every  can¬ 
didate  for  admission  as  a  matriculated  student  must  pass 
an  examination  on  entrance,  in  reading,  writing  from 
didtation,  English  or  Latin  Grammar,  arithmetic 
(including  decimals),  and  geography.  Registered  students 
in  medicine  are  exempted  from  this  examination,  or  stu¬ 
dents  who  produce  a  certificate  of  having  passed  either 
of  the  two  following  examinations  : — 

r.  Durham  Examination  for  certificate  of  proficiency 
in  General  Education,  held  in  March  and  September. 

2.  Durham  Examination  for  Students  in  Arts  in  their 
first  year,  or  any  examination  of  a  similar  nature  that  may 
be  accepted  by  the  Council. 

Associateship  in  Physical  Science. — Every  candidate  for 
the  Associateship  in  Physical  Science  will  be  required  to 
satisfy  the  examiners  in  three,  at  least,  of  the  five  sub¬ 
jedts, — Mathematics,  Physics,  Chemistry,  Geology,  and 
Biology, — in  an  examination,  to  be  held  at  the  beginning 
of  his  second  year. 

Exhibitions. — Three  Exhibitions  of  the  value  of  £23, 
£15,  and  £10  respectively  will  be  awarded  in  Odtober  next 
to  Candidates  desirous  of  attending  the  first  year  course  of 
study  in  the  College. 

The  examination  will  be  held  at  the  College,  and  wil 
commence  on  Monday,  September  29th. 

Evening  Lectures.  —  Courses  of  Evening  Ledtures  will 
be  given,  with  a  Practical  Class  for  Laboratory  instruction. 

Two  Exhibitions  of  £13  each  will  be  awarded  at  the  next 
examination  of  “  Persons  not  members  of  the  University,” 
which  will  be  held  at  Durham  in  March  next. 

Several  other  valuable  Scholarships  are  available  for 
students. 
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VICTORIA  UNIVERSITY,  MANCHESTER. 

Professor  and  Director  of  the  Chemical  Laboratory. — 
Harold  B.  Dixon,  M.A.,  F.R.S. 

Professor  of  Organic  Chemistry. — C.  Schorlemmer, 
LL.D.,  F.R.S. 

Demonstrators  and  Assistant  Lecturers. —  Julius  B. 
Cohen,  Ph.D.,  and  George  H.  Bailey,  D.Sc.,  Ph.D. 

Assistant  Demonstrators. —  A.  Harden,  Ph.D.,  and  G. 
Fowler,  B.Sc. 

Lecturer  in  Dyeing  and  Printing. — Ernest  Bentz. 

The  Session  begins  on  October  7,  i8go,  and  ends  on 
June  26,  1891. 

The  instruction  is  given  by  means  of  Experimental 
Lectures  and  Tutorial  Classes.  The  Chemical  Classes 
form  part  of  the  Courses  for  Chemistry  in  the  University. 

General  Chemistry . 

General  Chemistry  Course. — Tuesdays,  Thursdays,  and 
Saturdays,  at  9.30,  during  the  two  Winter  Terms. 

Introduction  to  Organic  Chemistry. — Wednesdays  and 
Fridays,  at  10.30,  during  Lent  Term. 

These  courses  are  intended  for  Medical  Students  and 
others  beginning  the  study  of  chemistry. 

First  Year  Honour  Course. — Mondays,  Wednesdays, 
and  Fridays,  3.30  p.m.,  during  the  two  Winter  Terms. 
The  Non-Metals. 

Second  Year  Honour  Course. — Mondays,  Wednesdays, 
Fridays,  9.30,  during  the  two  Winter  Terms.  The  Metals. 

Third  Year  Honour  Course.— Tuesdays,  11.30.  Physical 
Chemistry. 

Organic  Chemistry  (Honours). — Tuesdays,  Thursdays, 
Saturdays,  9.30,  during  the  Session. 

History  of  Chemistry  and  Chemical  Philosophy . — Thurs¬ 
days,  10.30,  during  the  Session. 

An  ordinary  degree  of  B.Sc.  in  Chemistry,  Victoria  Uni¬ 
versity,  may  betaken  at  the  College  in  either  two  or  three 
years,  according  as  the  student  passes  the  Preliminary 
Examination  on  joining  the  College  or  whether  he  takes 
a  year  to  prepare  for  that  examination.  The  Degree  of 
B.Sc.  with  Honours  in  Chemistry  can  be  taken  in  three 
years,  and  the  College  Certificate  in  Technological 
Chemistry  may  be  taken  in  the  same  time. 

A  number  of  important  Exhibitions,  &c.,  are  available 
to  students. 

Technological  Chemistry. 

First  Course. — Sulphuric  Acid  and  Alkali  Manufactures. 
General  Principles  of  Chemical  Engineering. 

Second  Course. — The  Chemistry  of  Fuel.  The  Manu- 
aCture  of  Illuminating  Gas  and  Gaseous  Fuel. 

Third  Course. — The  Chemistry  of  Coal  Tar. 

Fourth  Course. — Natural  and  Artificial  Dye-stuffs. 

Fifth  Course. —  Calico-printing. 

Certificates  in  Applied  Chemistry. 

The  course  extends  over  a  period  of  three  years,  and 
comprises  systematic  instruction  by  means  of  lectures  and 
practical  work  in  the  laboratories. 

Before  admission  to  the  first  year’s  course  students  are 
required  to  give  such  evidence  of  elementary  knowledge 
of  Mathematics  and  Chemistry  as  shall  be  considered 
satisfactory  by  the  Senate. 

The  first  year’s  course  is  the  same  for  all  students 
working  for  the  certificate. 

In  the  second  and  third  years  a  choice  may  be  made 
between  Inorganic  and  Organic  Chemistry.  By  this 
division  of  the  subject  a  student  wishing  to  apply  himself 
specially  to  the  inorganic  side  of  the  science,  may  attend 
during  his  secondyear  the  Honours  course  in  Metals,  and 
courses  on  Geology  or  Mineralogy,  and  during  his  third 
year,  courses  on  Metallurgy  and  on  Geology  or 
Mineralogy;  while  a  student  wishing  to  apply  himself 
specially  to  the  organic  side  of  the  science,  may  attend 
during  his  second  and  third  years  the  Honours  Course  on 
Organic  Chemistry,  and  courses  on  the  Coal  Tar  Colours 
and  on  Dyeing  and  Printing. 

Part  of  the  Laboratory  practice  in  the  second  and  third 
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t  years  will  consist  in  the  examination  and  analysis  of  raw 
materials,  products  from  chemical  works,  &c.,  in  connection 
with  the  special  courses  of  lectures  on  Applied  Chemistry. 
In  the  Chemstry  and  Physic  laboratories  the  practical 
work  in  the  second  year  will  be  arranged  in  accordance 
with  the  branch  of  Chemistry  selected  by  the  candidate. 

In  the  third  year  the  student,  if  sufficiently  advanced, 
will  be  set  to  work  on  some  analytical  process  or  problem 
in  Applied  Chemistry,  under  the  direction  of  the  teaching 
staff. 

UNIVERSITY  COLLEGE,  NOTTINGHAM. 

Department  of  Chemistry. 

Professor  of  Chemistry — Frank  Clowes,  D.Sc.  Lond., 
F.I.C.,  F.C.S. 

Demonstrators — J.  B.  Coleman,  A.R.C.Sc.  Dublin, 
F.I.C.,  F.C.S.,  and  R.  L.  Whiteley,  F.I.C.,  F.C.S. 

Lecturers. — J.  B.  Coleman,  F.I.C.,  F.C.S. ;  R.  L.  White- 
ley,  F.I.C.,  F.C.S.;  C.  Hayden  White,  M.R.C.S.;  J.  W. 
Carr,  M.A. ;  and  F.  R.  Sargeant. 

The  Classes  of  the  College  are  open  to  students  of  both 
sexes  above  sixteen  years  of  age. 

The  dates  of  commencement  and  end  of  Terms  in  the 
Session  1890-91  will  be  as  follows: — First  Term,  October 
6th  to  December  20th;  Second  Term,  January  19th  to 
April  4th  ;  Third  Term,  April  20th  to  July  4th. 

Lecture  Courses. — The  Chemistry  Day  Lectures  extend 
over  three  years.  In  the  first  year  a  Btudent  enters  for 
the  course  on  Non-Metals  for  the  first  two  terms  and  for 
Elementary  Organic  Chemistry  in  the  third  term.  In  his 
second  year  he  takes  the  course  on  Metals  for  the  first  two 
terms,  and  Advanced  Organic  Chemistry  in  the  third 
term.  In  his  third  year  he  attends  a  course  on  Applied 
Chemistry  during  the  first  two  terms.  Fee  for  Day 
Leiftures  and  Classes,  50s.  for  the  session  of  three  terms  : 
Non-Metals  or  Metals  42s. :  Organic  Chemistry  (one 
term)  21s.  :  Applied  Chemistry,  30s. 

Demonstrations  and  Lectures  on  Analytical  Chemistry 
will  be  given  in  the  day  and  evening,  and  should  be 
attended  by  all  students. 

A  Chemical  Calculation  Class  is  also  held.  Fee  per 
Term,  2s.  6d. 

Students  may  qualify  themselves  by  attendance  at  these 
lectures  and  classes  for  the  Examinations  of  the  Univer¬ 
sities  of  London,  Cambridge,  or  Oxford,  and  for  the 
Medical  Examinations  of  the  Royal  College  of  Surgeons 
and  of  the  Universities  of  Cambridge  and  Edinburgh: 
they  may  also  obtain  instruction  in  Chemistry  for  technical 
or  other  purposes,  and  can  enter  for  a  full  Chemical 
Engineering  Curriculum.  Special  attention  is  given  to 
the  requirements  of  candidates  for  the  Associateship  of 
the  Institute  of  Chemistry. 

Practical  Chemistry. — The  chemical  laboratory  is  open 
every  day  except  Saturday  from  10  to  5,  on  Saturday 
from  10  to  12,  and  on  Tuesday  and  Thursday  evenings  from 
7  to  g.  Each  Student  works  independently  of  other 
Students  at  a  course  recommended  by  the  Professor. 
Instruction  is  given  in  general  Chemical  Manipulation 
and  in  Qualitative  and  Quantitative  Analysis;  and 
students  are  enabled  to  work  out  the  applications  of 
Chemistry  to  Pharmacy,  Dyeing,  Agriculture,  Brewing, 
Iron  and  Steel,  Tanning,  and  other  Manufacturing  Pro¬ 
cesses.  Fees. — For  one  term,  £6  ;  for  the  session,  ^15  ; 
for  day  students  for  six  hours  weekly  40s.,  and  5s.  extra 
for  each  additional  hour  per  week.  For  evening 
students,  10s.  for  one  evening  per  week,  and  20s.  for  two 
evenings  per  week,  per  term. 

Courses  of  Technical  Chemistry  Lectures  are  also  given 
on  Dyeing  and  Bleaching,  Brewing,  Bread-making,  Gas 
Manufacture,  and  on  other  processes  of  applied  Chemistry. 

A  Pharmaceutical  Curriculum  extending  over  three 
Winter  Sessions,  includes  Pharmaceutical  Chemistry 
(lectures  and  laboratory  work),  Pharmaceutical  Botany 
(lectures  and  class  work  on  specimens),  Materia  Medica 
(lectures  and  use  of  specimens),  and  Practical  Dispensing, 
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taught  by  demonstrations  and  pradtical  work  in  the  labora¬ 
tory. 

Government  Lectures  and  Classes. — Evening  Ledtures 
and  Laboratory  instrudtion  will  be  given  by  the  Demon- 
rators  of  Chemistry  to  Students  who  intend  to  present 
themselves  for  Examination  by  the  Government  Science 
and  Art  Department  in  May  next.  Inorganic,  organic, 
and  pradtical  chemistry,  agricultural  chemistry,  and 
metallurgy  will  be  taught  in  the  elementary,  advanced,  and 
honours  stages,  each  of  which  commences  at  the  beginning 
of  the  College  Session  in  Odtober.  Fee  for  each  Ledture 
Course,  2s.  6d. ;  for  each  Laboratory  Course,  10s. 

Full  information  concerning  all  College  Classes  is  given 
in  the  College  Prospedtus,  price  one  penny. 

FIRTH  COLLEGE,  SHEFFIELD. 

Professor  of  Chemistry . — W .  Carleton  Williams,  B.Sc., 

F.C.S. 

Demonstrator  and  Assistant  Lecturer. — L.  T.  O’Shea, 

B  Sc.,  F.C.S. 

The  Session  will  commence  on  Friday,  October  3. 

First  Year's  Course. — Chemistry  of  the  Non-Metallic 
Elements.  Monday,  Wednesday,  Thursday,  from  10  to  11 
a.m.  Fee,  £3  3s. 

Second  Year's  Course. — Chemistry  of  Metals.  Tuesday, 
Wednesday,  and  Thursday,  from  10  to  n  a.m.  ^3  3s. ;  or 
for  the  First  and  Second  Courses,  £3  5s. 

Third  Year's  Course. — Organic  Chemistry,  on  Wednes¬ 
day,  from  9  to  10,  and  Saturday,  from  10  to  n.  Fee, 
£2  2S. 

A  Course  of  Ledtures  is  arranged  for  Medical  Students, 
with  a  special  class  in  Qualitative  Analysis. 

Laboratory. — Working  hours  to  be  arranged  between 
Professor  and  Students. 

Sessional  Fees  for  Day  Students  :  — Six  hours  per  week, 
£5  ,5SG  Nine,  £7;  Twelve,  ^8  8s.;  Eighteen,  £11  5s.: 
Twenty-four,  £14  ;  Thirty-two,  £17. 

Day  Students  may  not  enter  for  less  than  six  hours  a 
week.  Students  joining  the  Laboratory  at  Christmas 
will  be  charged  two-thirds  and  at  Easter  one-third  of 
the  Fees  for  the  whole  Session. 

Fees  for  short  periods  (working  thirty-two  hours  per 
week) : — For  one  month,  £3  3s.;  two  months,  £5  5s. 

An  arrangement  has  been  entered  into  with  the  Science 
and  Art  Department,  South  Kensington,  which  will  enable 
Science  Teachers  to  work  in  the  Chemical  Laboratory  for 
six  or  twelve  hours  a  week  on  payment  of  one-quarter  of 
the  usual  fee,  the  Department  being  willing  to  pay  the 
remainder  under  certain  conditions,  of  which  full  informa¬ 
tion  may  be  obtained  on  application  to  the  Registrar. 

Evening  Classes. — Ledtures,  Wednesday,  8  to  9.  Labo¬ 
ratory  instruction,  Monday  and  Wednesday,  6  to  9. 
Sessional  Fee,  one  evening  per  week,  £1  10s. ;  two, 
£3  j  or  Ledture  Class  and  Laboratory,  on  Wednesday 
evening,  £1  10s. 

UNIVERSITY  COLLEGE,  DUNDEE. 

(University  of  St.  Andrews). 

Professor.  —  Percy  F.  Frankland,  Pb.D.,  B.Sc., 
F.I.C.,  &c. 

Assistant  Lecturers  and  Demonstrators. — F.  J.  Plambly, 
F.C.S.,  and  J.  R.  Appleyard,  F.C.S. 

I  he  eighth  session  of  the  College  will  be  opened  on 
October  14th,  1890. 

The  Ledtures  and  Laboratory  pradlice  in  this  University 
a^e  recognised  by  the  Royal  College  of  Physicians  and 
Royal  College  of  Surgeons,  London,  and  by  the  Royal 
College  of  Surgeons,  Edinburgh,  and  for  degrees  in 
Science  and  Medicine  by  the  Universities  of  Edinburgh, 
Glasgow,  and  Aberdeen. 

1  he  courses  are  suitable  for  the  Degrees  of  the  London 
W^versity  and  for  the  Civil  Service  appointments,  and 
will  also  satisfy  the  requirements  of  students  in  Pharmacy, 
and  of  students  who  intend  to  become  candidates  for  the 
Associateship  of  the  Institute  of  Chemistry,  so  far  as  at¬ 


tendance  at  ledtures  on  General  and  Theoretical  Chemistry 
is  concerned. 

Lecture  Courses .' 

The  objedt  of  these  courses  will  be  (1)  to  give  systematic 
instrudtion  in  the  general  principles  of  the  science,  and  in¬ 
formation  regarding  the  elements  and  their  more  impor¬ 
tant  compounds ;  (2)  to  show  how  this  knowledge  may  be 
usefully  applied  in  the  Arts  and  Manufadtures. 

A  course  of  instrudtion  in  Pradtical  Chemistry  in  the 
Laboratory  is  recommended  to  all  who  wish  to  obtain  a 
sound  knowledge  of  the  science,  and  the  methods  of  ap¬ 
plying  it  to  useful  purposes — the  duration  of  such  course 
depending  upon  the  special  wants  of  the  student.— The 
Professor  will  be  glad  to  give  any  information  to  intending 
students. 

First  year’s  ledture  course  :  Inorganic  Chemistry  (Non- 
Metals)  (90  ledtures),  Monday,  Wednesday,  and  Friday, 
from  10  to  11  a.m.;  fee,  £3  3s. 

Second  year’s  ledture  course  :  1.  Inorganic  Chemistry 
(Metals)  (40  ledtures),  Tuesday  and  Thursday,  from  9  to 
10  a.m.  ;  fee,  £1  11s.  6d.  2.  Organic  Chemistry  (50 

ledtures),  Tuesday,  Wednesday,  and  Thursday;  fee,  £1 
ns.  6d. ;  fee  for  the  entire  year’s  course,  £2  3s. 

A  Ledture  Course  on  Analytical  Chemistry  will  be  given 
on  Saturdays,  from  9  to  10.  Fee,  £1  is. 

Courses  of  ledtures  will  be  given  on  Dyeing,  Bleaching, 
and  the  Chemistry  of  the  Textile  Fibres,  with  pradtical 
instrudtion  in  the  Laboratory  and  Dyehouse,  In  connedtion 
with  this  Department  there  is  an  extensive  Technical 
Museum,  containing  a  large  colledtion  of  specimens 
illustrating  many  branches  of  Applied  Chemistry,  and 
particularly  the  local  industries. 

Practical  Chemistry  ( Laboratory ). 

The  aim  of  the  Laboratory  Courses  is  to  make  the 
student  pradtically  acquainted  with  the  science,  so  that  he 
may  condudt  chemical  analysis  and  original  research,  and 
generally  to  fit  him  for  applying  the  science  to  the  Arts, 
Manufadtures,  Agriculture,  and  Public  Health.  The 
courses  are  also  arranged  for  students  preparing  for  their 
medical  and  pharmaceutical  examinations.  °  A  three 
months’  course  of  Pradtical  Chemistry  for  the  B.Sc., 
Edinburgh,  in  the  department  of  Public  Health,  may  be 
taken  in  the  College  Laboratory. 

The  Laboratory  will  be  open  for  students  daily  from 
9  a.m.  to  4  p.m.,  except  on  Saturdays,  when  it  will  be 
closed  at  3  p.m.  Each  student  on  entering  will  be 
allowed  to  arrange  his  working  hours  to  suit  his  own 
convenience,  but  will  be  required  to  keep  the  hours  when 
once  fixed. 

Sessional  Fees  for  Day  Students:— The  fees  for  both 
sessions  are— for  six  hours  per  week,  £3  3s.  ;  each  ad¬ 
ditional  hour  per  week,  10s.  6d.  Day  students  may  not 
enter  for  less  than  six  hours  a  week.  Students  joining  the 
Laboratory  during  the  second  term  will  be  charged  two- 
thirds,  and  during  the  third  term  one-third  of  the  above 
fees.  Students  may  also  enter  for  short  periods,  working 
every  day  in  the  week  at  the  following  fees:— For  one 
month,  £2  12s.  6d. ;  for  two  months.  £3  5s. ;  for  three 
months,  £7  7s. 

Evening  Classes.— Courses  of  Ledtures  and  Practical 
Laboratory  instrudtion. 

Forster  Research  Scholarship. 

This  scholarship,  of  the  value  of  ^30,  is  awarded 
annually  to  the  best  student  on  the  condition  that  he 
devotes  himself  during  the  ensuing  year  to  original  re¬ 
search  in  the  College  Laboratory. 

UNIVERSITY  OF  EDINBURGH. 

Professor. — A.  Crum  Brown,  F.R.S.E. 

Two  degrees  in  Science  are  conferred  by  the  University 
of  Edinburgh,  viz.,  Bachelor  of  Science  (B.Sc.)  and 
Dodtor  of  Science  (D.Sc.).  Both  these  degrees  are  con¬ 
ferred  in  Physical  and  Natural  Science,  in  Public  Health, 
and  in  Engineering. 

Candidates  for  degrees  in  Physical  and  Natural  Science 
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must  pass  a  preliminary  examination  in  English,  Latin, 
Arithmetic,  the  Elements  of  Mathematics,  and  the  Ele¬ 
ments  of  Mechanics,  and  in  at  least  two  of  the  following 
subjects Greek,  French,  German,  Higher  Mathematics, 
Natural  Philosophy,  Logic,  and  Moral  Philosophy. 

The  First  B.Sc.  Examination  embraces  Mathematics, 
Natural  Philosophy,  Chemistry,  Zoology,  including  Com¬ 
parative  Anatomy,  and  Botany.  The  Second  B.Sc. 
Examination  the  Higher  Mathematics,  Experimental 
Physics,  Chemistry,  Zoology,  Botany,  Physiology,  and 
Geology,  including  Palaeontology  and  Mineralogy. 

The  D.Sc.  Examination  embraces  Mathematics,  Natural 
Philosophy,  Applied  Mathematics,  Experimental  Physics, 
Pradical  Astronomy,  Chemistry,  Zoology  and  Comparative 
Anatomy,  Animal  Physiology,  Botany,  and  Geology,  in¬ 
cluding  Palaeontology  and  Mineralogy. 

GLASGOW  AND  WEST  OF  SCOTLAND 
TECHNICAL  COLLEGE. 

The  main  objeds  of  this  College  are  to  afford  a 
suitable  education  to  those  who  wish  to  qualify  themselves 
for  following  any  industrial  profession  or  trade,  and  to 
train  teachers  for  technical  schools.  It  was  founded  by 
an  Order  in  Council,  dated  26th  November,  1886, 
according  to  a  scheme  framed  by  the  Commissioners 
appointed  under  the  provisions  of  the  Educational 
Endowments  (Scotland)  Ad,  whereby  Anderson’s  College, 
the  Young  Chair  of  Technical  Chemistry  in  connedion 
with  Anderson’s  College,  the  College  of  Science  and  Arts, 
Allan’s  Glen’s  Institution,  and  the  Atkinson  Institution 
were  placed  under  the  management  of  one  governing 
body. 

The  Diploma  of  the  College  is  awarded  to  Day  Students 
who  have  attended  prescribed  courses  of  instrudion  and 
passed  the  necessary  examinations.  The  ordinary  courses 
extend  over  three  years,  but  arrangements  are  made  for 
advanced  students  continuing  their  studies  in  special 
departments. 

Copies  of  the  Calendar  for  1890-91  maybe  had  from  Mr. 
John  Young,  B.Sc.,  the  Secretary,  38,  Bath  Street, 
Glasgow,  price  by  post,  is.  4d. 

UNIVERSITY  OF  ST.  ANDREWS. 

United  College  of  St.  Leonard  and  St.  Salvator. 

Professor  of  Chemistry.  —  T.  Purdie,  B.Sc.,  Ph.D., 
Assoc.  R.S.M. 

The  Session  begins  on  Odober  2gth.  A  Competitive 
Examination,  open  to  intending  Students  of  Arts  or 
Science,  for  a  number  of  Entrance  Bursaries,  ranging  in 
value  from  £30  to  £ 10  each  per  annum,  will  be  held 
during  the  last  week  of  Odober.  Two  Degrees  in  Science 
are  conferred  by  the  University  of  St.  Andrews,  viz., 
Bachelor  of  Science  (B.Sc.)  and  Dodor  of  Science  (D.Sc.), 
the  regulations  regarding  which  will  be  found  in  the 
“  University  Calendar.” 

Lecture  Course. 

A  Ledure  is  delivered  by  the  Professor  of  Chemistry, 
at  11  o’clock,  on  fi\e  days  in  the  week  throughout  the 
Winter  Session.  The  Course  commences  with  the  study 
of  a  few  typical  substances,  forming  an  introdudion  to 
the  discussion  of  Chemical  Theory;  the  Non-metallic 
and  Metallic  Elements,  with  their  chief  compounds,  are 
then  considered  ;  and  the  latter  part  of  the  Course  is 
devoted  to  Elementary  Organic  Chemistry.  Three  Lec¬ 
tures  weekly  are  of  an  elementary  charader,  and  are 
intended  to  be  useful  to  Students  of  Arts  who  desire  to 
study  Chemistry  as  a  branch  of  general  education,  or  with 
the  view  of  teaching  it  in  schools  ;  the  remaining  two 
Ledures  weekly  constitute  a  Supplementary  Course, 
framed  so  as  to  meet  the  additional  requirements  of 
Candidates  for  the  Degree  of  Bachelor  of  Science  and  of 
Medical  Students. 

Certificates  are  awarded  on  the  results  of  separate 
examinations  on  the  subjeds  of  the  general  and  supple¬ 


mentary  Ledures,  and  the  “  Forrester  Prize  ”  of  about 
£13  is  awarded  to  the  best  Student  of  the  year. 

Fee  for  the  Session,  £3  3s. 

Laboratory  Course. 

A  class  in  Pradical  Chemistry  meets  for  two  hours 
weekly,  to  which  Students  attending  the  Ledures  are 
admitted  without  additional  fee.  The  Course  consists  of 
a  series  of  qualitative  and  quantitative  experiments,  de¬ 
signed  to  give  the  Student  a  pradical  acquaintance  with 
the  principles  of  Chemistry  regarded  as  a  subjed  of  gene¬ 
ral  education. 

The  Laboratory  is  also  open  during  the  Session  from 
10  a.m.  to  4  p.m.,  for  instrudion  in  Chemical  Analysis. 
The  fee  is^io  10s.  for  the  Session,  Shorter  Courses  of 
Pradical  Chemistry  will  be  arranged  to  meet  the  require¬ 
ments  of  Students  who  cannot  give  so  much  time  to  the 
subjed,  the  fees  for  which  vary  according  to  the  number 
of  hours  taken  weekly. 

Several  free  places  in  the  Laboratory  will  be  given  to 
Students  desirous  of  engaging  in  original  work.  Appli¬ 
cants  must  satisfy  the  Professor  that  their  studies  are 
sufficiently  advanced  to  admit  of  them  prosecuting  experi¬ 
mental  research. 

QUEEN’S  COLLEGE,  BELFAST. 

Professor.—  E.  A.  Letts,  Ph.D.,  F.R.S.E.,  F.C.S. 

I.  — Chemistry . — The  ledures  are  delivered  at  3  p.m., 
on  the  first  five  days  of  each  week  until  the  beginning 
of  April,  and  on  two  days  of  each  week  after  May  1st. 
The  course  is  divided  into  three  parts  (1)  Chemical  Phi¬ 
losophy  ;  (2)  Inorganic  Chemistry  ;  (3)  Organic  Chemistry. 

II.  — Advanced  and  Organic  Chemistry. — Ledures  on 
these  subjeds  are  given  from  the  beginning  of  the 
Session,  on  Tuesdays  and  Thursdays,  at  10  a.m.,  until 
the  beginning  of  April,  and  at  3  p.m.  after  May  1st. 

III.  — Practical  Chemistry. — In  this  course  the  Students 
are  instruded  in  the  general  methods  of  conduding 
Chemical  Analyses. 

IV.  — Laboratory  Pupils. — The  Chemical  Laboratory 
is  open  from  November  until  the  beginning  of  April,  and 
from  May  1st  until  the  middle  of  July,  on  the  first  five 
days  of  the  week,  from  10  a.m.  until  4  p.m.  Students  are 
admitted  as  working  pupils  on  payment  of  a  fee  of  £5 
for  the  first  period,  or  of  £3  10s.  for  the  second  period  (or 
for  a  single  term). 

QUEEN’S  COLLEGE,  CORK. 

Professor, — Maxwell  Simpson,  LL.D.,  M.D.  (Hon.), 

1  F.R.S.,  &c. 

The  Course  of  Theoretical  Chemistry  is  divided  into 
Inorganic  and  Organic  Chemistry. 

In  the  first  part  are  discussed  the  Laws  of  Combination 
and  Affinity,  Molecular  Chemistry,  and  the  History  of  the 
Non-Metallic  and  Metallic  substances. 

In  the  Organic  portion  of  the  Course  will  be  considered 
the  subjeds  of  Organic  Analysis,  Organic  Series,  Com¬ 
pound  Radicals  and  Types,  Metamorphosis  of  Organic 
Bodies,  History  of  Special  Animal  and  Vegetable  Bodies. 

In  treating  of  the  Laws  of  Chemistry,  and  the  History 
of  Inorganic  and  Organic  Bodies  those  points  will  be 
chiefly  dwelt  upon  which  have  a  pradical  bearing  in  the 
Arts,  Medicine,  Engineering,  and  Agriculture.  Thence, 
during  the  Course,  attention  will  be  direded  to  the  appli¬ 
cation  of  Chemistry  to  Medicine  and  Physiology,  to 
Metallurgic  Operations,  Chemical  Manufadures,  Building 
Materials,  Soils,  and  Manures. 

Fee. — For  each  Sessional  Course,  £2.  Each  subsequent 
Course,  £1. 

The  Chemical  Laboratory  is  open  daily  except  on 
Saturdays,  from  10  to  4  o’clock,  under  the  Superintendence 
of  the  Professor,  to  Students  desirous  of  prosecuting  an 
extended  course  of  qualitative  and  quantitative  analysis, 
and  for  the  purpose  of  original  investigation  in  connedion 
with  the  Arts,  or  in  the  higher  departments  of  Scientific 
Chemistry. 
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The  Course  of  Practical  Chemistry  consists  of  about 
thirty-nine  Lectures,  and  will  commence  at  the  beginning 
of  the  Second  Term.  Fee  for  each  Sessional  Course  ^3. 

ROYAL  COLLEGE  OF  SCIENCE  FOR  IRELAND, 
Stephen’s  Green,  Dublin. 

(Science  and  Art  Department). 

Professor  of  Practical  and  Theoretical  Chemistry. — W. 
N.  Hartley,  F.R.S. 

Assistant  Chemist. — T.  A.  Shegog,  F.C.S.,  A.R.C.S. 

The  Session  commences  on  Monday,  October  6,  1890. 

The  Royal  College  of  Science  for  Ireland  supplies,  as 
far  as  practicable,  a  complete  course  of  instruction  in 
Science  applicable  to  the  Industrial  Arts,  and  is  intended 
also  to  aid  in  the  instruction  of  teachers  fir  the  local 
Schools  of  Science. 

Diplomas  are  awarded  in  the  Faculties  of  Mining, 
Engineering,  and  Manufactures.  The  Diploma  in  the 
Faculty  of  Manufactures  is  recognised  by  the  Council  of 
the  Institute  of  Chemistry  of  Great  Britain  and  Ireland 
as  qualifying  candidates  for  admission  to  the  practical 
examinations  of  the  Institute. 

TheinstruCtion  in  Chemical  Science  includes  (1)  General 
Chemistry,  (2)  Applied  Chemistiy,  (3)  Analytical 
Chemistry,  (4)  Instructions  in  Chemical  Research. 

Fees  payable  by  Associate  Students  in  the  Faculty  of 
Manufactures: — For  the  entire  Course — first  year,  £13  ; 
second  year,  ^23  ;  third  year,  ^14. 

Fees  payable  by  Non-Associates: — £ 2  for  each  separate 
Course  of  Lectures.  For  Analytical  Chemistry  and 
Research — £2  for  a  special  course  of  one  month  ;  £5  for 
three  months;  £9  for  six  months;  £12  for  the  entire 
session.  For  Assaying — ^5  for  three  months  ;  ^9  for  six 
months;  £12  for  the  entire  session. 

The  following  are  supplementary  courses  of  instruction 
for  beginners : — 

Laboratory  Instruction  in  the  Theory  of  Chemistry, 
February,  March,  April,  and  May,  Tuesdays  and 
Thursdays,  10  a.m.  till  1  p.m.  Fee  for  the  Course,  £^. 

A  Course  of  Lectures  on  Elementary  Chemistry  by  the 
Assistant  Chemist,  February,  March,  April,  and  May, 
Wednesday,  3  to  4  o’clock.  Fee  for  the  Course,  10s. 

There  are  four  Royal  Scholarships  of  the  value  of  £50 
each  yearly,  with  Free  Education,  including  Laboratory 
Instruction,  tenable  for  two  years;  two  become  vacant 
each  year  ;  they  are  given  to  Associate  Students,  not 
being  Royal  Exhibitioners,  who  have  been  a  year  in  the 
College  on  the  results  of  their  examinations.  There  are 
also  nine  Royal  Exhibitions  attached  to  the  College,  of 
the  yearly  value  of  ^50  each,  with  Free  Education,  in¬ 
cluding  Laboratory  Instruction,  tenable  for  three  years  ; 
three  become  vacant  each  year,  and  are  competed  for  at 
the  May  Science  Examinations  of  the  Department  of 
Science  and  Art. 


CHEMICAL  LECTURES,  CLASSES,  AND 
LABORATORY  INSTRUCTION. 

City  and  Guilds  of  London  Institute  for  the 
Advancement  of  Technical  Education. — Central  In¬ 
stitution,  Exhibition  Road. —  Professor  of  Chemistry,  H. 
E.  Armstrong,  Ph  D.,  F.R.S.  The  object  of  this  Institution 
is  to  give  to  London  a  College  for  the  higher  technical 
education,  in  which  advanced  instruction  shall  be  pro¬ 
vided  in  those  kinds  of  knowledge  which  bear  upon  the 
different  branches  of  industry,  whether  Manufactures  or 
Arts.  The  main  purpose  of  the  instruction  given  in  this 
Institution  is  to  point  out  the  application  of  different 
branches  of  science  to  various  manufacturing  industries. 
In  order  that  this  instruction  may  be  efficiently  carried 
out,  the  Institution,  in  addition  to  the  leClure  theatres 
and  class  rooms,  is  fitted  with  laboratories,  drawing 
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offices,  and  workshops  ;  and  opportunities  are  afforded 
for  the  prosecution  of  original  research,  with  the  objeCt  of 
the  more  thorough  training  of  the  students,  and  for  the 
elucidation  of  of  the  theory  of  industrial  processes.  The 
courses  of  instruction  are  arranged  to  suit  the  require¬ 
ments  of — 1.  Persons  who  are  training  to  become 
Technical  Teachers  ;  2.  Persons  who  are  preparing  to 
enter  Engineers’  or  Architects’  offices,  or  Manufacturing 
works  ;  3.  Persons  who  desire  to  acquaint  them¬ 

selves  with  the  scientific  principles  underlying  the 
particular  branch  of  industry  in  which  they  are  engaged. 
Technical  College,  Finsbury. — Professor  of  Chemistry, 
Raphael  Meldola,  F.R.S.  The  operations  of  the 
Technical  College,  Finsbury,  are  divided  into  two 
distinct  portions  :  Day  Classes  for  those  who  are 
able  to  devote  one,  two,  or  three  years  to 
systematic  technical  education ;  Evening  Classes  for 
those  who  are  engaged  in  industrial  or  commercial 
occupations  in  the  daytime  and  who  desire  to  receive 
supplementary  instruction  in  the  application  of  Science 
and  of  Art  to  the  trades  and  manufactures  in  which  they 
are  concerned  or  employed.  The  College  embraces  the 
following  departments  : — 1.  Mechanical  Engineering  ; 
2.  Electrical  Engineering  and  Instrument-making;  3. 
Manufacturing  Chemistry,  and  Industries  involving  the 
application  of  Chemistry  ;  4.  The  Art  Industries,  including 
Cabinet-making  and  Decoration  in  Colour  and  in  Relief; 
5.  the  Building  Trades.  The  College  is  under  the  general 
direction  of  the  Principal.  Each  Professor  is  assisted 
by  Demonstrators.  Besides  these  there  are  Lecturers 
and  Teachers  in  special  subjects.  An  examination  for  the 
admission  of  Students  will  be  held  at  the  College  at  10 
o’clock  on  Tuesday,  September  30th,  1890,  and  the  work 
of  the  Session  will  commence  on  October  7th. 

Birkbeck  Literary  and  Scientific  Institution, 
Bream's  Buildings,  Chancery  Lane.  —  Chemistry  : 
Courses  will  be  conducted,  commencing  October  1st, 
adapted  for  the  Elementary,  Advanced,  and  Honours 
Examinations  of  the  Science  and  Art  Department,  and  for 
the  Matriculation,  B.Sc.,  and  M.B.  Degrees  of  the  London 
University.  Inorganic  Chemistry  :  Mr.  G.  Chaloner, 
F.C.S.  Lectures  —  Elementary,  Tuesdays,  8.30  p.m.; 
Advanced,  Thursdays,  7  p.m. ;  Practical,  Tuesdays,  6 — 8 
p.m.;  Thursdays,  8 — 10  p.m.;  Saturdays,  7 — 9  p.m. 
Organic  Chemistry  :  Mr.  F.  Gossling,  B.  Sc.  Lectures — 
Elementary,  Wednesdays,  7.30  p.m. ;  Advanced,  Wednes¬ 
days,  8.45  p.m.  ;  Practical,  Wednesdays,  6 — 7.30  p.m.  ; 
Fridays,  6  —  10  p.m. 

School  of  the  Pharmaceutical  Society  of  Great 
Britain,  17,  Bloomsbury  Square,  London,  W.C. — Pro¬ 
fessor  of  Chemistry,  Wyndham  R.  Dunstan,  M.A.,  F.C.  S. 
Professor  of  Pratical  Chemistry,  John  Attfield,  Ph.D., 
F.R.S.  In  this  school,  which  is  specially  intended  for 
Pharmaceutical  Students,  Courses  of  Instruction  are 
given  in  the  sciences  of  Chemistry  (Physical,  Inorganic, 
and  Organic)  and  Botany,  as  well  as  in  their  applications  to 
Pharmacy  and  Medicine.  Professor  Dunstan  delivers 
during  the  Session  (Odtober  to  July)  two  Courses  of 
Lectures  on  Chemistry ;  an  Elementary  Course  from 
October  to  March  and  an  Advanced  Course  from  April  to 
July.  The  Laboratories  for  practical  instruction  in 
Chemistry  under  the  direction  of  Professor  Attfield  are 
open  daily  throughout  the  Session.  Particulars 
respecting  Scholarships,  Medals,  and  Prizes,  as  well  as 
other  information  relating  to  the  School,  may  be  obtained 
on  application. 

Charterhouse  Science  and  Art  Schools.  —  The 
Winter  Session  commenced  on  Tuesday,  September 
16th,  1S90,  under  the  presidency  of  the  Rev.  H.  Swann, 
M.A.  Classes  are  established  in  this  institution 
by  which  instruction  of  a  practical  character  is  given 
in  most  of  the  Sciences  at  a  very  nominal  fee ;  whilst 
in  Ait,  at  an  equally  low  rate,  Students,  under  the 
direction  of  five  competent  instructors,  can  be  advanced 
in  their  studies.  Those  who  have  leisure  can,  at  a 
very  moderate  charge,  attend  the  Day  Classes  in 
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Art.  Day  Classes  will  also  be  held  to  prepare  Candi¬ 
dates  for  Matriculation  (Lond.),  the  Clerical,  Medical 
(including  Dental),  Legal,  and  other  Examinations. 
Students  who  aim  at  becoming  proficient  in  Chemistry 
(Organic  and  Inorganic)  have  the  opportunity  of  working 
in  a  well-fitted  Laboratory,  capable  of  accommodating 
sixty  Students.  Aspirants  for  University  Honours  can  at 
a  small  expense  be  assisted  in  their  studies. 

Middlesex  College  of  Chemistry  and  Pharmacy, 
40,  Charlotte  Street,  Portman  Square. — Principal,  F.  H. 
Painter.  Day  and  Evening  Classes  and  Laboratory  In¬ 
struction  in  Chemistry,  Pharmacy,  Materia  Medica,  &c. 

The  City  School  of  Chemistry  and  Pharmacy,  27, 
Chancery  Lane,  London,  W.C. —  Principal,  Mr.  Maurice 
Williams.  Theoretical  and  Pradtical  Chemistry,  Chemical 
Physics,  Theoretical  and  Pradtical  Pharmacy,  Materia 
Medica,  and  Therapeutics. 

New  Central  School  of  Chemistry  and  Pharmacy, 
173,  Marylebone  Rd.,  London. — Mr.  J.  Woodland,  F.C.S., 
Lectures  are  given  on  Chemistry,  Botany,  Materia  Medica, 
Pharmacy,  Latin,  and  Physics.  Laboratory  instruction. 

South  London  School  of  Pharmacy,  325,  Ken- 
nington  Road,  S.E. — Ledtures  on  Chemistry  and  Physics, 
by  Dr.  John  Muter,  F.R.S.E.,  F.I.C.,  Daily,  at  9  a. in. 
(Organic)  and  10  a.m.  (Inorganic).  Ledtures  on  Botany 
daily  at  12  noon,  and  at  2  p.m.  on  Materia  Medica  and 
Pharmacy,  by  Mr.  Dodd,  F.C.S.  The  Laboratories  for 
Qualitative  and  Quantitative  Analysis  open  daily  from  9 
till  5,  under  the  diredtion  of  Mr.  de  Koningh,  F.I.C., 
F.C.S.  The  Students’  Laboratory  of  this  Institution  is 
specially  designed  to  accommodate  40  Students.  The 
Technical  Laboratory  is  open  daily  from  g  till  4,  and  is 
fully  fitted  with  all  apparatus  for  teaching  the  manufadture 
of  drugs  and  chemicals.  Periodical  Examinations  of  the 
Students  are  held  by  Visiting  Examiners  appointed  by 
the  Council  of  Education,  and  Medals  and  Certificates 
are  awarded  on  the  results  thereof.  Fees  for  the  first 
three  months  ;£io  10s.  (junior)  and  £12  12s.  (senior)  ; 
afterwards  £2  2s.  and  ^3  3s.  per  month  respedtively, 
inclusive  of  all  departments. 

People’s  Palace,  Mile  End  Road,  E.  (Draper’s  Com¬ 
pany’s  Institute). — Chemistry,  Mr.  D.  S.  Macnair,  Ph.D., 
F.C.S.,  assisted  by  Mr.  G.  Pope.  The  session  com¬ 
mences  Monday,  September  29th.  The  classes  are  open 
to  both  sexes  without  limit  of  age. 

Polytechnic  Institute,  309,  Regent  Street,  London, 
W. — Mr.  R.  A.  Ward  and  Assistants. — Evening  Classes 
in  Theoretical  and  Pradtical  Chemistry,  &c..  The  Classes 
are  open  to  both  sexes.  The  next  term  commences  on 
Monday,  September  29th,  1890. 

Morley  Memorial  College,  Royal  Victoria  Hall, 
Waterloo  Bridge  Road,  S.E. —  Science  and  Technical 
Classes,  Session  1880-91.  Ledtures  will  be  given  in  the 
following  subjedts  : — Principles  of  Chemistry,  Eledtricity 
and  Magnetism,  Heat,  Light,  and  Sound,  and  Mechanics. 
The  instrudtion  given  is  suited  to  artizans  and  pradtical 
men,  and  is  chiefly  in  connection  with  the  Science  and 
Art  Department,  South  Kensington.  Classes  begin 
Wednesday,  October,  1st. 

University  Correspondence  College,  12J,  Book¬ 
sellers  Row,  W.C. — The  classes  held  at  the  Chemical 
and  Biological  Laboratories  of  University  Tutorial  College 
during  the  last  Session  were  a  marked  success  ;  no  less 
than  27  students  being  successful  at  the  Intermediate 
Science  and  Preliminary  Scientific  Examinations,  of 
London  University.  The  next  Session  commences  the 
first  week  in  October. 

Westminster  College  of  Chemistry  and  Pharmacy, 
Trinity  Square,  Borough,  S.E.  —  Messrs.  Wills  and 
Wootton. 


Bristol  Medical  School.— Mr.  T.  Coomber,  F.C.S. 
Merchant  Venturers’  School,  Bristol. — Head 
Master,  J.  Wertheimer,  B.Sc.,  B.A.  The  Chemical  and 
Metallurgical  Laboratories  are  open  to  students  of  eithe 


Chemistry. 

sex  every  week-day  except  Saturday,  and  students  may 
either  devote  the  whole  of  their  time  to  laboratory  work, 
or  they  may  take  the  complete  course  of  chemical  training. 
Prospedtus  containing  full  particulars  can  be  obtained  at 
the  School,  or  at  the  Merchants’  Hall,  price  4d. 

Institute  of  Chemical  Technology,  Hackins  Hey, 
Liverpool. —  Principal,  Mr.  A.  Norman  Tate,  F.I.C.  The 
course  of  instrudtion  is  intended  more  especially  for 
students  who  wish  to  gain  a  knowledge  of  chemistry  and 
the  allied  sciences  in  their  relation  to  industrial  and  com¬ 
mercial  pursuits,  and  embraces  a  thorough  preliminary 
course  of  theoretical  chemistry  and  pradtical  laboratory 
work,  followed  by  instrudtion  in  chemical  technology  fitted 
to  the  requirements  of  each  pupil.  In  addition  to  these 
chemical  studies,  students  who  desire  it  can  enter  upon 
a  special  course  calculated  to  afford  them  knowledge 
useful  in  the  eredlion  and  arrangement  of  manufadtories 
and  plant,  and  construdtion  of  apparatus. 

Leeds  School  of  Medicine. — Prof.  Smithells. 

Manchester  Technical  School.  —  Ledturers  :  Dr. 

E.  Knecht,  F.I.C. ,  E.  L.  Rhead,  J.  Grant,  F.C.S.,  and  E. 
Milnes.  The  day  classes  commenced  on  Sept.  2nd,  i8go, 
and  the  evening  classes  will  commence  on  Sept.  22nd. 
The  school  is  equipped  with  two  large  laboratories  for 
the  pradtical  study  of  Pure  Chemistry  and  Physics,  a 
Laboratory  for  Metallurgy,  and  one  for  Dyeing,  Bleaching, 
and  Printing.  Special  pradtical  work  in  any  branch  of 
Chemical  Technology,  or  in  preparation  for  University 
Examinations,  will  be  arranged  to  suit  individual 
Students.  The  Evening  Courses  of  instrudtion  are 
esgecially  designed  to  meet  the  wants  of  those  already 
engaged  in  various  industries.  A  syllabus,  containing 
full  particulars  as  to  hours,  fees,  &c.,  may  be  obtained 
from  Mr.  J.  H.  Reynolds,  The  Technical  School,  Man¬ 
chester. 

Newcastle-on-Tyne  School  of  Science  and  Art 
and  Technical  College  (Chemical  Department). — 
Principal,  P.  Hawkridge,  M.A.,  B.Sc.  Ledturers  and 
Demonstrators,  W.  D.  Oliver,  H.  Oliver,  J.  D.  Best,  W. 
Carr,  &c. 

Institute  of  Science  and  Art,  Valpy  Street, 
Reading. — Head  Science  Master :  Alfred  J.  Shilton, 

F. C.S.  Session  begins  September  29th. 

Sheffield  Borough  Analysts’  Laboratory,  i, 
Surrey  Street.  —  Mr.  A.  H.  Allen,  F.C.S.  Day  and 
Evening  Classes. 

Stockport  Technical  School.  —  Chemistry  and 
Dyeing  Department. — Ledturers  on  Chemistry:  R.  J. 
Brown,  M.Sc.,  and  G.  W.  Davies,  F.C.S.  Ledturer  on 
Metallurgy  :  G.  W.  Davies,  F.C.S.  Ledturer  on  Dyeing  : 
W.  M.  Gardner,  F.C.S.  There  is  a  Chemical  Laboratory 
‘o  accommodate  120  Students,  and  also  a  Metallurgical 
Laboratory  and  a  Dyehouse.  There  will  be  Day  and 
Evening  Courses  of  Ledtures  on  Inorganic  and  Organic 
Chemistry  and  on  Dyeing,  Bleaching,  and  Calico 
Printing,  and  also  pradtical  instrudtion  in  the  same,  and 
in  the  evening  there  will  be,  in  addition,  Classes  in 
Pradtical  and  Theoretical  Metallurgy.  In  the  Evening 
Classes  the  Instrudtion  is  based  mainly  on  the  lines  laid 
down  by  the  Department  of  Science  and  Art,  bur  in  the 
Day  Classes  a  more  extended  Course  of  instrudtion  is 
pursued,  and  opportunity  is  afforded  for  carrying  on  any 
special  branch  of  practical  work  under  the  supervision  of 
the  teachers.  A  Syllabus  containing  full  particulars  of 
times,  fees,  and  courses  of  instrudtion  is  obtainable  on 
application. 

Technical  Institute,  Swansea.  —  Classes  in 
Theoretical  and  Practical  Inorganic  and  Organic  Chemistry 
will  be  held  during  the  winter  months,  commencing  Oct. 
4th,  1890.  Principal,  W.  Morgan,  Ph.D.,  F.C.S.,  F.I.C. 


Edinburgh  School  of  Medicine,  41,  Chambers  St. — 
Dr.  Drinkwater,  F.C.S. — The  instrudtion  here  qualifies 
for  all  Medical  Boards,  Edinburgh  University,  London 
University,  &c.  Day  and  Evening  Classes. 
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School  of  Medicine,  Surgeon’s  Hall,  Edinburgh.— 
Dr.  Stevenson  Macadam,  F.E.S.E.,  Mr.  Falconer  King, 
Mr.  Ivison  Macadam,  Mr.  Drinkwater,  and  Mr.  Rymer. 

School  of  Medicine,  Edinburgh. — The  Laboratory, 
India  Buildings,  Edinburgh,  is  open  throughout  the  year 
for  Students,  under  the  superintendence  of  J.  B.  Readman, 
D.  Sc.  F.R.S.E.,  F.C.S.  Attendance  at  this  laboratory 
qualifies  for  the  Degrees  of  Medicine,  Science,  and  Public 
Health  of  Edinburgh  University,  and  for  the  Examinations 
in  Medicine  and  Public  Health  of  the  Royal  Colleges  of 
Physicians  and  Surgeons,  Edinburgh.  Hours,  xo  a.m.  to 
4  p.m. 

School  of  Medicine,  Minto  House  (New  Veterinary 
College,  Edinburgh). — Mr.  J.  Falconer  King,  F.C.S., 
F.I.C.,  and  Mr.  John  Hunter,  F.I.C.,  F.C.S. 

Glasgow  University. — Prof.  J.  Ferguson. 

Chemical  Laboratories  and  Class  Rooms. — Messrs. 
R.  R.  Tatlock  and  Readman,  City  Analyst’s  Laboratory, 
156,  Bath  Street,  Glasgow;  and  India  Buildings,  Edin¬ 
burgh.  The  Laboratory  is  open  daily  all  the  year  for  the 
reception  of  students,  under  the  immediate  supervision  of 
R.  R.  latlock,  F.R.S.E.,  F.C.S.,  F.I.C.,  the  City  Analyst 
and  Gas  Examiner.  Hours,  10  a.m.  to  4  p.m. 

Glasgow  Veterinary  College.— Professor  Cooke. 

Stirling  School  of  Science  and  Art. —  Chemical 
and  Physical  Laboratories. — Andrew  Wilson,  F.I.C.,  and 
Assistants.  Laboratory  work  daily,  from  10  to  1. 
Lectures,  2  to  4  p.m. 


CHEMICAL  NOTICES  FROM  FOREIGN 
SOURCES. 


Note. —  All  degrees  of  temperature  are  Centigrade  unless  otherwise 
expressed. 


Comp tes  Rendus  Hebdomadaires  des  Seances,  de’Academie 
des  Sciences.  Vol.  cxi.,  No.  7,  August  18,  1890. 


New  Synthesis  effected  by  means  of  Cyano- 
succinic  Ether.  Acetylcyanosuccinic  Ether.  —  L. 
Barthe. — The  author  has  obtained  this  compound, — 


C3H5p<co2C2H 


as  a  colourless  oil. 


2C/2n5 

ch2-co2c2h3, 


Methyl  Cyanosuccinate  and  Cyanotricarballylate. 
L.  Barthe. — The  former  of  these  compounds  has  the 
formula — 


The  latter  is — 


prr-.CN 
I  ^C02CH3 

ch2-co2ch3. 

ch2-co2ch3 


Queen’s  College,  Galway. — Dr.  Dixon. 

Royal  College  of  Surgeons  in  Ireland,  Dublin. — 
Professor  of  Chemistry  and  Hygiene:  Sir  Charles  A. 
Cameron,  M.D.,  F.R.C.S.I.  Instruction  is  given  in  the 
College  Laboratory  in  General,  Practical,  and  Analytical 
Chemistry,  and  in  the  subjects  (Physical,  Chemical,  and 
Microscopical)  required  for  Examinations  in  Public  Health 
and  to  educate  for  the  position  of  Public  Analyst. 

Dublin,  Carmichael  College  of  Medicine. — Pro¬ 
fessor  of  Chemistry  :  C.  R.  C.  Tichborne,  Ph.D.,  F.C.S. 

Dublin,  Catholic  University. — Dr.  Campbell. 


THE  DETECTION  OF  TRACES  OF  IODINE  IN 
THE  PRESENCE  OF  MUCH  CHLORINE. 

By  ALEXANDER  JOHNSTONE,  F.G.S., 

Assistant  to  the  Professor  of  Geology  and  Mineralogy,  Edinburgh 

University. 


Having  experienced  considerable  difficulty  in  rapidly 
determining  by  the  usual  tests  the  presence  of  iodine  in 
the  company  of  chlorides,  in  the  course  of  some  recent 
investigations  on  the  properties  of  the  naturally  occurring 
halogen  salts,  I  was  led  to  devise  the  following  simple 
method,  by  the  use  of  which  I  believe  I  have  been  able  to 
prove  the  wider  occurrence  of  iodine  in  the  mineral  king, 
dom  than  has  hitherto  been  supposed.  To  the  properly 
prepared  solution  of  the  substance  to  be  tested  add  a 
single  drop  of  a  saturated  solution  of  silver  nitrate  in 
strong  pure  ammonium  hydrate.  If  iodine  is  present  even 
in  the.  minutest  quantity,  the  characteristic  pale  yellow 
precipitate  of  silver  iodide  will  instantly  form.  Confirm 
this  indication  by  pouring  in — after  having  mixed  the 
precipitate  through  the  liquid  by  inverting  the  test-tube 
with,  the  thumo  on  the  orifice — pure  concentrated  sul¬ 
phuric  acid,  which  first  deepens  the  yellow  of  the  precipi¬ 
tate,  and  then,  when  sufficient  has  been  added,  liberates 
the  iodine,  which  is  readily  and  infallibly  recognised  by 
its  unique  appearances,  whether  precipitated  to  the 
bottom  of  the  tube,  suspended  in  the  liquid,  or  dissolved 
through  it  to  form  a  pink  solution.  If  not  a  trace  of 
iodine  is  present  in  the  chloride  tested,  the  latter  will 
give  no  precipitate,  or  at  most  only  a  faint  whitish  cloud 
that  will  immediately  disappear  on  the  first  shake  given 
to  the  tube  in  the  subsequent  mixing. 


C<-CA2 
I  ^co2ch3 
ch2-co2ch3. 


Researches  on  Butter  and  Margarine. — C.Viollette. 
—  The  author  distils  in  a  confined  atmosphere  and  in  a 
current  of  watery  vapour  the  fatty  acids  derived  from 
about  50  grms.  pure  dry  butter  saponified  with  an  aqueous 
solution  of  potassa.  He  collects  not  less  than  10  litres  of 
the  condensation  liquid  obtained  by  allowing  17,000  litres 
of  steam  to  bubble  into  the  fatty  acids  suspended  in  water 
at  ioo°.  An  alkalimetrical  operation  (using  phenol- 
phthalein  as  indicator)  renders  it  possible  to  deduce  the 
proportions  of  the  butyric  and  caproic  acids  of  the  butter. 
The  concrete  volatile  acids  are  weighed,  as  well  as  the 
fixed  acids,  after  washing,  desiccation  in  a  vacuum,  and 
fusion.  The  quantity  of  each  of  these  groups  renders  it 
practicable  to  determine  their  equivalent,  and,  conse¬ 
quently,  by  calculating  the  glycerides,  to  effect  the  syn¬ 
thesis  of  the  butter. 


Researches  on  the  Optical  Analysis  of  Butters. _ 

C.  Viollette. — Butters  and  margarines  have  different  in¬ 
dices  of  refraction,  which  show  deviations  of  —  330  to 
—  27°  of  the  oleorefraCtometer  for  butters,  and  of  —  150  to 
- 8'  for  margarine.  The  indications  of  the  oleorefraCto¬ 
meter  are  sufficiently  precise  when  they  refer  to  mixtures 
the  components  of  which  have  known  deviations.  It  is 
necessary  to  fix,  by  a  series  of  observations  on  different 
butters,  the  minimum  deviation  below  which  a  butter 
may  be  considered  as  a  margarine.  The  oleorefraCto¬ 
meter  may  be  useful  for  examining  the  butters  of  com¬ 
merce,  but  its  indications  can  be  considered  certain  only 
when  the  butters  show  a  deviation  less  than  the  lowest 
limit  of  butters. 


On  a  Characteristic  Reaction  of  Cocaine. — Ferreira 
da  Silva. — The  author  treats  a  small  portion  of  cocaine 
or  of  one  of  its  salts  in  the  solid  state,  or  the  residue  from 
the  evaporation  of  any  of  its  solutions,  with  some  drops 
of  fuming  nitric  acid  of  sp.  gr.  1-4.  It  is  evaporated  to 
dryness  on  the  water-bath  ;  the  residue  is  treated  with 
one  or  two  drops  of  a  strong  alcoholic  solution  of  potassa. 
On  stirring,  up  with  a  glass  rod  there  is  observed  a 
special  or  distinct  odour  recalling  that  of  peppermint. 


No.  8,  August  25,  1890. 

Transformation  of  Melted  Ammonium  Nitrate. _ 

E.  Matthieu-Plessy.  According  to  the  author,  in  prepar¬ 
ing  oxamic  acid  and  oxamide  by  means  of  melted  ammo- 
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ilium  nitixte  there  is  formed  a  third  produft,  the  nitrate 

of  a  new  fixed  alkali.  This  fixed  alkali  is  a  substituted 
ammonia — a  nitric  monamide  or  nitramide.  It  may  be 
named  azotylamine  ;  and  its  nitrate,  azotylammonium 
nitrate. 


MISCELLANEOUS. 

The  Chemical  Laboratory  of  Wiesbaden. — In  the 
Summer  Term,  1890,  theie  were  69  students  on  the  books. 
Of  these  42  were  from  Germany,  5  from  Russia,  5  from 
North  America,  4  from  England,  4  from  Austro-Hungary, 
2  from  France,  2  from  Italy,  2  from  Spain,  1  from  Norway, 
1  from  Chili,  1  from  South  Australia.  Besides  the  director, 
Geh.  Hofrath  Prof.  Dr.  R.  Fresenius,  there  are  engaged 
as  teachers  in  the  establishment  Prof.  Dr.  H.  Fresenius, 
Dr.  E.  Borgmann,  Dr.  W.  Fresenius,  Dr.  E.  Hintz,  Dr. 
Med.  G.  Frank,  and  Architedt  J.  Brahm.  The  assistants 
in  the  instruction  laboratory  are  two  in  number,  in  the 
private  laboratory  seventeen,  in  the  Versuchsstation  three. 
The  next  Winter  Term  begins  on  the  15th  of  October. 
Besides  the  scientific  researches,  a  great  number  of 
analyses  were  undertaken  in  the  different  departments  of 
the  Laboratory  and  in  the  Versuchsstation  on  behalf  of 
manufacture,  trade,  mining,  agriculture,  and  hygiene. 


NOTES  AND  QUERIES. 

***  Our  Notes  and  Queries  column  was  opened  for  the  purpose  of 
giving  and  obtaining  information  likely  to  be  of  use  to  our  readers 
generally.  We  cannot  undertake  to  let  this  column  be  the  means 
of  transmitting  merely  private  information,  or  such  trade  notices 
as  should  legitimately  come  in  the  advertisement  columns. 

Paper  Manufacture.—  (Reply  to  Richmond  Villas). — As  authori¬ 
ties  on  the  paper  manufacture  in  all  its  branches,  we  can  recommend 
“  The  Art  of  Taper  Making,”  by  Alex.  Watt  (London:  Crosby  Lock- 
wood  and  Son) ;  also  “  Spon’s  Encyclopedia  of  Industrial  Arts,  &c.,” 
Division  IV.  (Spons,  Charing  Cross).  Appended  to  the  latter  is  a 
fairly  complete  bibliography  of  the  subjedt.  In  the  same  work, 
Division  V.,  is  an  account  of  the  starch  manufacture. 


PATE  NTS, 

Provisional  Protection,  from  £2  2s- 

Lowest  cost  of  complete  EngTsh  and  Foreign  on  application. 
Also,  Designs  and  Trade  Marks.  Inventions  financed. 

WALLACE,  WEATHERDON,  &  CO.. 

Registered  Patent  Agents, 

57  &  58,  Chancery  Lane,  and  n,  Southampton  Buildings,  W.C 
Established  1849. 


FOR  SALE.  —  The  Chemical  Gazette. 

Complete  Set  (unbound  and  uncut),  17  volumes;  from  Novem¬ 
ber,  1842,  to  December,  1859.— Address,  “  Publisher,”  Ch^micai 
News  Office,  Boy  Court,  Ludgate  Hill,  London,  E.C. 
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including  Indices,  £1. 
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CHARLES  GRIFFIN  A  CO.’S  LIST. 

In  extra  crown  8vo.,  with  numerous  Illustrations  and  Tables. 

Metallurgy  (an  introduction  to  the 

STUDY  OF).  By  W.  C.  ROBERTS-AUSTEN,  F.R.S. , 
Professor  of  Metallurgy,  Normal  School  cf  Science  ;  Chemist  and 
Assayer  to  the  Royal  Mint,  &c.  [ Immediately . 

In  extra  crown  8vo.,  with  numerous  Illustrations  and  Tables. 

TTLECTRO-METALLURGY  (A  TEXT-BOOK  OF). 

^  By  W.  G.  MACMILLAN,  F.I.C.,  F.C.S.,  sometime  Demon¬ 
strator  of  Metallurgy,  King’s  College,  London.  [ Immediately . 

With  Tables  and  Diagrams,  Large  Crown  8vo.,  10s.  6d. 

A  SSAYING  :  For  the  Use  of  Those  Connected  with 

Mines.  By  C.  BERINGER,  F.I.C.,  F.C.S.,  and  J.  J. 
BERINGER,  F.I.C.,  F.C.S.,  Ledturer  to  the  Mining  Assoc,  and 
Inst,  of  Cornwall,  and  Public  Analyst  for  the  County  of  Cornwall. 

“  A  really  meritorious  work,  that  may  be  safely  depended  upon 
either  for  systematic  instrudtion  or  for  reference, — Nature. 

Enlarged  and  Revised  Edition.  In  Royal  8vo.,  with  numerous 
Illustrations.  36s. 

pLEMENTS  OF  METALLURGY:  a  Practical 

J— - '  Treatise  on  the  Art  of  Extradting  Metals  from  their  Ores.  By 
J.  ARTHUR  PHILLIPS,  C.E.,  F.R.S.,  F.O.S.,  F.G.S.,  Ancien 
Eleve  de  l’Ecole  des  Mines,  Paris.  Re-written  and  Edited  by  the 
Author,  and  by  H.  BAUERMAN,  F.G.S. 

“  The  value  of  this  work  is  almost  inestimable.” — Mining  Journal. 
***  Many  Notable  Additions  will  be  found  in  the  sedtions  devoted 
to  Iron,  Lead,  Copper,  Silver,  and  Gold,  dealing  with  new  Pro¬ 
cesses  and  Developments. 

By  Prof.  A.  HUMBOLDT  SEXTON,  F.I.C.,  F.C.S., 

Glasgow  and  West  of  Scotland  Technical  College. 

QUTLINES  OF  QUANTITATIVE  ANALYSIS. 

W'  For  the  Use  of  Students.  With  numerous  Illustrations. 
Third  Edition.  Crown  8vo.,  cloth.  3s. 

11  A  good  and  useful  book.  .  .  .  Really  supplies  a  want.” — Lancet. 
“  The  Processes  are  well  chosen  and  the  Principle  under¬ 
lying  each  Method  is  always  clearly  explained.” — British 
Medical  Journal. 

QUTLINES  OF  QUALITATIVE  ANALYSIS. 

For  the  Use  of  Students.  With  numerous  Illustrations. 
Second  Edition.  Crown  8vo.,  cloth.  3s.  6d. 

“  The  work  of  a  thorough  Pradtical  Chemist,  .  .  .  and  one  which 
may  be  unhesitatingly  recommended.” — British  Medical  Journal. 

In  crown  8vo.,  cloth.  7s.  6d. 

A  SHORT  MANUAL  OF  INORGANIC  CHEMISTRY. 

By  A.  DUPRE,  Ph.D,,  F.R.S.,  F.C.S.,  and  H.  WILSON 
HAKE,  Ph.D.,  F.I.C  ,  F.C.S.,  of  the  Westminster  Hospital  Medical 
School.  With  a  Coloured  Plate  of  Spedtra. 

“  Will  make  experimental  work  trebly  interesting  because 
intelligible.” — Saturday  Review. 

“  By  a  long  way  the  best  of  the  small  Manuals  for  Students.”— 
Analyst. 


By  WILLIAM  STIRLING,  M.D.,  Sc.D., 

Brackenbury  Professor  of  Physiology  and  Histology ,  Victoria 
University. 

Second  Edition.  Extra  crown  8vo.,  cloth. 

PRACTICAL  PHYSIOLOGY  (OUTLINES  OF). 

Including  EXPERIMENTAL  and  CHEMICAL  PHY¬ 
SIOLOGY.  A  Laboratory  Handbook  for  the  Use  of  Students.  With 
246  Illustrations. 

‘‘An  excellent  treatise  which  we  can  thoroughly  recommend."— 
The  Lancet.  [ffust  ready. 

By  A.  WYNTER  BLYTH.  M.R.C.S.,  FXLsT, 

Public  Analyst  for  the  County  of  Devon. 

Third  and  Revised  Edition,  Crown  8vo.,  cloth.  16s. 

pOODS:  THEIR  COMPOSITION  AND  ANALYSIS. 

“  Will  be  used  by  every  Analyst.” — The  Lancet. 

***  The  New  Edition  contains  many  Notable  Additions,  especially 
on  the  subjedt  of  Milk  and  its  relation  to  Fever-Epidemics,  the 
Purity  of  Water-Supply,  and  the  new  Margarine  Act,  &c. 

pOISONS:  THEIR  EFFECTS  AND  DETECTION. 

16s.  Second  Edition. 

“  A  sound  and  pradtical  Manual  of  Toxicology,  which  cannot  be  too 
warmly  recommended.  One  of  its  chief  merits  is  that  it  discusses 
substances  which  have  been  overlooked.” — Chemical  News. 
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ON  THE  DETERMINATION  OF  OXYGEN  IN 
THE  AIR. 

By  J.  ALFRED  WANKLYN  and  W.  J.  COOPER. 

For  the  last  half-century  the  methods  for  the  determina¬ 
tion  of  oxygen  in  the  air  have  been  explosion  with  excess 
of  hydrogen,  and  absorption  by  means  of  pyrogallate  of 
potash. 

There  is  an  old  method  founded  on  the  wonderful 
readion  between  nitric  oxide  and  oxygen,  which  flourished 
soon  after  the  discovery  of  the  composition  of  the  atmo¬ 
sphere,  and  was  abandoned  and  is  now  almost  forgotten, 
and  never  mentioned  without  being  condemned. 

We  have  had  to  investigate  this  process  in  the  course 
of  work  undertaken  in  order  to  write  our  just  published 
book  entitled  “Air  Analysis.”  We  find  that  when  this 
old  process — the  process  of  Priestley  and  Cavendish — is 
altered  in  a  very  simple  and  obvious  manner,  it  is  rendered 
accurate,  and  we  now  present  it  to  chemists  as  one  of  the 
most  satisfadory  processes  in  the  whole  range  of  analytical 
chemistry. 

We  measure  the  sample  of  air  and  the  nitric  oxide 
separately.  We  bring  the  two  together  in  presence  of 
water — reaction  instantly  occurs,  and  the  resulting  ruddy 
fumes  are  rapidly  absorbed  by  the  water — and  we  read 
again.  One-third  of  the  contradion  is  the  volume  of  the 
oxygen  in  the  air. 

The  experimental  details  are  given  in  our  book. 


ON  THE 

DETERMINATION  OF  PHOSPHORIC  ACID  IN 
BASIC  SLAGS. 

By  G  ARTH 

Various  authors  recommend  precipitation  by  ammonium 
molybdate  in  order  to  determine  the  phosphoric  acid  in 
these  slags,  but  without  placing  themselves  in  identical 
conditions.  Some  add  the  molybdic  solution  diredly  to 
the  hydrochloric  liquid  obtained  on  attacking  the  slag 
and  without  removing  the  silica  which  may  be  in  solution  ; 
others  eliminate  the  silica,  but  still  operate  in  presence 
of  hydrochloric  acid. 

It  is  already  well  known  that  to  separate  phosphoric 
acid  in  the  state  of  ammonium  phospho-molybdate  with 
accuracy  the  silica  and  the  hydrochloric  acid  must  be  got 
rid  of  by  transforming  the  bases  into  nitrates.  Muntz 
evaporates  the  solution  to  dryness  two  or  three  times  with 
nitric  acid  until  the  chlorine  is  expelled,  and  then  adds  the 
ammonium  nitro-molybdate  to  the  nitric  solution. 

Having  had  occasion  to  analyse  one  of  these  slags,  the 
author  treated  it  with  hydrochloric  acid,  rendering  the 
silica  insoluble,  and  removing  it  in  the  usual  manner,  and 
he  then  evaporated  the  filtrate  with  nitric  acid  to  expel 
chlorine.  The  following  result  was  observed  on  operating 
thus  with  a  sample  containing  13-85  p.c.  phosphoric  acid. 
When  the  hydrochloric  acid  is  about  to  disappear, 
generally  during  the  second  evaporation  with  nitric 
acid,  there  forms  in  the  concentrated  liquid  a  yellow, 
granular  precipitate,  which  increases  more  and  more  and 
which  cannot  be  re-dissolved  in  nitric  acid,  cold  or  hot, 
dilute  or  concentrated.  As  this  precipitate  contains 
phosphoric  acid  it  is  impossible  to  have  here  a  nitric 
solution  containing  all  the  phosphorus. 

The  composition  of  the  yellow  deposit  is  that  of  a 


hydrated  ferric  phosphate,  Fe203,P2054H20,  after  drying 
at  ioo° — 105°.  It  is  soluble  in  strong  hydrochloric  acid, 
especially  with  the  aid  of  heat. 

This  phosphate  has  the  same  composition  as  the 
ordinary  precipitated  phosphate,  but  the  latter  is  nearly 
white  and  dissolves  readily  in  the  mineral  acids  even  if 
diluted,  whilst  the  other  is  far  less  soluble,  and  has  a 
decided  yellow  colour.  The  two  phosphates  in  question 
appear  to  be  allotropic  modifications  of  one  and  the  same 
compound,  presenting  differences  analogous  to  those 
noticed  in  ferric  oxide  itself,  e.g.,  as  regards  solubility.  In 
fadt,  if  they  are  treated  with  a  cold  potassa-lye  they  dis¬ 
solve  with  different  degrees  of  readiness,  and  yield  two 
oxides,  the  appearance  of  which  is  decidedly  different, 
while  the  filtrate  contains  the  same  phosphoric  acid. 

1  his  new  ferric  phosphate  is  easily  prepared  from  pure 
ferric  chloride  and  disodic  phosphate,  evaporating  the 
solutions  with  a  sufficient  excess  of  nitric  acid. 

In  analytical  operations  this  compound  may  be  formed 
if  the  ferric  oxide  and  the  phosporic  acid  in  the  substance 
are  in  a  certain  proportion,  as  it  may  be  the  case  in  basic 
slags. 

By  evaporating  a  mixture  of  ferric  chloride,  of  disodic 
phosphate,  and  nitric  acid,  there  is  sometimes  formed 
another  tetrahydrated  ferric  phosphate  of  a  rosy  white 
colour,  insoluble  in  nitric  acid.  This  compound  may  be 
the  one  which  Erlenmeyer  obtained  under  different  con¬ 
dition. — Annalen  der  Chemie  und  Pharmacie. 


DISINFECTION  BY  BURNING  SULPHUR.* 

By  E.  R.  SQUIBB,  M.D. 

Under  the  head  of  Prevention  Dr.  Segur  asks  what  are 
the  important  measures  of  prevention,  and  among  these 
may  certainly  be  included  the  disinfedion  of  infeded 
apartments. 

Perhaps  the  most  common  measure  for  the  disinfedion 
of  apartments  which  have  been  infeded  by  diphtheria  and 
other  contagious  diseases,  is  the  burning  of  sulphur. 
This  mode  of  disinfedion  has  been  in  adive  use  for  more 
than  a  hundred  years  and  many  epidemics  of  contagion  are 
supposed  to  have  been  controlled  by  it.  Of  late  years, 
however,  its  efficacy  and  utility  have  been  called  in 
question  by  several  prominent  authorities  on  the  ground 
that  it  does  not  prevent  the  development  of  the  spores  of 
several  microbes  supposed  to  be  pathogenic  of  important 
contagious  diseases. 

If  it  be  admitted  that  the  burning  sulphur  was  properly 
applied,  and  that  the  propagation  of  me  spores  is  positive 
proof  of  persistence  of  contagion,  then  the  question  must 
be  considered  as  settled,  and  the  pradice  should  be  aban¬ 
doned.  But  as  the  first  of  these  propositions,  at  least, 
cannot  be  safely  admitted  in  the  attempts  at  disinfedion 
as  commonly  pradised,  and  as  the  method  is  continued 
by  Boards  of  Health  and  hospital  authorities  as  well  as 
in  private  houses,  notwithstanding  the  evidence  against 
it,  it  may  be  useful  to  re-examine  the  conditions  to  be 
met. 

In  a  given  locality  there  are  particles  of  contagious 
matter  so  small  as  to  float  in  the  air,  and  these  settle 
upon,  or  become  entangled  in,  all  surfaces  to  which  the 
currents  of  air  carrying  them  have  access.  For  perfed 
disinfedion  the  contagious  element  or  virus  of  all  such 
particles  must  be  so  changed  as  to  be  no  longer  con¬ 
tagious.  This  change  must  be  efftded  either  by  physical 
or  by  chemical  adion,  or  by  both  ading  together. 

It  seems  to  be  absolutely  pioven  that  the  one  element 
necessary  to  the  adivity  of  all  virus  is  moisture.  Desic¬ 
cated  virus  is  inadive  and  impassive  ;  and  when  desicca¬ 
tion  is  complete  or  perfed,  as  by  a  sufficient  degree  of 
heating  for  a  sufficient  length  of  time,  the  change  is  such 

*  An  Ephemeris  of  Materia  Medico,  Pharmacy  Therapeutics,  &c. 
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that  the  re-supplying  of  moisture  does  not  reproduce  the 
contagion. 

But  moisture  is  an  element  of  varying  degree.  Too 
much  by  dilution  may  weaken  adive  virus  to  absolute 
inadivity,  as  too  little  may  weaken  it  to  practical  destruc¬ 
tion. 

Contagious  matter  or  virus  which  is  only  sufficiently 
dry  to  be  thus  rendered  inadive  and  impassive  becomes 
adive  by  contad  with  moist  surfaces,  and  thus  moisture 
becomes  the  essential  element  in  its  contagiousness  by 
supplying  the  conditions  under  which  its  molecules  can 
resume  the  fundtion  of  propagation  or  generation.  This 
same  element  moisture,  which  is  necessary  to  enable 
them  to  propagate  contagion,  is  equally  necessary  for 
any  readtion  with  agents  which  have  the  power  to  so 
change  their  molecular  strudture  as  to  destroy  their 
capacity  for  contagion. 

Hence  all  disinfedtants  require  the  presence  of  moisture, 
and  require  it  in  a  degree  sufficient  to  enable  all  the 
molecules  of  contagious  matter  to  commingle  and  readt 
with  the  molecules  of  the  disinfedtant.  If  the  moisture 
be  sufficient  in  amount  it  matters  little  whether  it  beheld 
by  the  virus  or  by  the  disinfedtant,  but  the  readtion  will 
be  much  more  sure  and  more  prompt  if  each  of  the  readt- 
ing  substances  be  fully  saturated  with  moisture.  Ifeither 
agent  be  dry  or  nearly  dry,  the  readtion  will  be  propor¬ 
tionately  slow  and  impeded. 

The  condition  of  the  contagious  material  of  an  infedted 
apartment,  although  not  absolutely  dry,  has  only  the 
moisture  of  the  common  atmosphere,  and  if  theiewas  any 
such  thing  in  the  living  animal  as  a  dry  surface  there 
xould  be  no  infedtion  from  such  air- dry  contagious 
material. 

An  air  dry  disinfedtant  or  antiseptic  is  equally  inadtive 
and  impassive,  and  for  the  same  reasons  ;  namely,  the 
absence  of  the  physical  and  chemical  conditions  for  re¬ 
adtion. 

When  sulphur  is  burned  in  air  a  dioxide  of  sulphur  is 
formed.  One  atom  unites  with  two  atoms  of  the  oxygen 
of  the  air  to  form  an  anhydrous  or  perfedtly  dry  gas 
which  occupies  pradtically  the  same  space  as  did  the 
oxygen  combined.  This  sulphur  dioxide  is  therefore  a 
heavy  gas,  and  as  it  cools  after  being  formed  by  the 
combustion,  it  falls,  so  that  any  enclosure  in  which  it  is 
formed  will  fill  up  from  the  bottom  as  it  would  with 
water,  and  but  for  the  laws  of  diffusion  of  gases,  an  en¬ 
closure  might  have  the  pure  gas  at  the  bottom  and  none 
at  the  top.  The  laws  of  diffusion,  and  the  currents  of  air 
and  gas  caused  by  the  heat  of  combustion,  do,  however, 
carry  the  gas  to  all  parts  of  an  enclosure,  and  yet  the  gas 
is  in  greatest  proportion  near  the  floor,  and  any  leakage 
there,  as  under  the  doors  for  example,  will  waste  much 
more  gas  than  the  same  openings  higher  up. 

The  sulphur  dioxide  formed  is  a  perfedly  anhydrous  or 
dry  gas,  and  is  therefore  called  sulphurous  anhydride.  It 
is  not  an  acid,  but  is  an  indifferent,  inadive,  impassive 
gas,  showing  but  a  feeble  tendency  to  combine  with  any¬ 
thing,  or  to  exert  any  power.  It  has  a  moderate  affinity 
for  moisture,  and  when  one  molecule  of  the  gas  combines 
with  one  molecule  of  water  sulphurous  acid  is  formed  ; 
when  combined  with  more  than  one  molecule  of  water  a 
liquid  sulphurous  acid  is  formed  of  a  strength  proportion¬ 
ate  to  the  amount  of  water.  This  solution  of  sulphurous 
acid  is  commonly  called  simply  sulphurous  acid,  and  as 
found  in  the  markets  it  commonly  contains  from  3  to  6'5 
p.c.  of  true  sulphurous  acid,  or  the  compound  molecule 
made  up  of  one  atom  of  sulphur,  two  atoms  of  oxygen,  and 
one  molecule  of  water.  This  sulphur  dioxide,  or  sul¬ 
phurous  anhydride  plus  water,  or  sulphurous  acid,  unlike 
the  inadive  dioxide,  is  a  very  adive  and  very  potent 
substance,  and  its  prominent  charaderistic  is  its  affinity 
or  appetite  for  oxygen,  by  which  it  is  converted  into  sul¬ 
phuric  acid.  This  affinity  for  oxygen  by  which  it  takes 
that  element  from  all  its  looser  combinations,  makes  it  a 
powerful  deoxidising  agent.  And,  by  taking  oxygen  away 
from  its  looser  combinations  in  the  infedive  matters,  it 


breaks  up  their  complex  molecules,  destroys  their  power 
of  contagion,  and  thus  becomes  disinfedant.  Again, 
instead  of  taking  away  oxygen  from  compound  molecules 
it  may  unite  with  this  oxygen  and  thus  form  sulphuric 
acid  as  a  new  component  of  the  compound  molecule, 
changing  this  so  as  necessarily  to  destroy  it  and  therefore 
be  disinfedant. 

All  this  detail  is  to  show  that  sulphur  dioxide,  resulting 
from  burning  sulphur  in  the  air,  is  not  a  disinfedant,  but 
requires  the  presence  of  moisture  either  with  the  sulphur 
dioxide,  or  with  the  infeded  matter,  or  with  both.  And, 
further,  that  in  proportion  to  the  amount  of  moisture  up 
to  what  would  be  a  very  large  dilution,  the  more  there  is 
present  the  more  perfed  are  the  conditions  for  thorough 
disinfedion,  and  the  less  moisture  there  is  present  the 
more  impeded  the  disinfedion. 

Now,  if  the  pradice  of  Boards  of  Health  and  other 
authorities  be  examined,  it  seems  to  be  very  defedive 
indeed,  unless  they  use  an  abundance  of  watery  vapour 
without  thinking  it  worth  while  to  mention  it  in  their 
diredions  and  pradice. 

The  common  usage  seems  to  be  to  close  up  the  infeded 
apartments  as  thoroughly  as  pradicable  and  to  burn 
sulphur  in  them  in  the  proportion  of  four  pounds  of 
sulphur  to  each  rooo  cubic  feet  of  space. 

There  are  no  diredions  to  stop  up  the  lower  chinks  more 
carefully  than  the  upper  ones,  while  the  lower  half  of  a 
door  will  waste  twice  as  much  gas  as  a  window.  The 
sulphur  is  usually  put  in  an  iron  pot  or  pan,  and  this  is 
set  in  a  larger  vessel  of  water  or  upon  a  vessel  of  wet 
ashes  or  sand  ;  and  this  seems  to  be  done  to  lessen  the 
risk  of  fire  rather  than  to  supply  vapour  of  water.  The 
sulphur  is  lighted  by  means  of  alcohol  poured  upon  it  and 
lighted,  and  the  apartment  is  then  closed  and  watched 
until  the  sulphur  is  burned  out.  The  dioxide  formed  finds 
a  little  moisture  in  the  normal  atmosphere  of  the  room, 
and  thus  a  small  proportion  of  it  gets  converted  into  the 
adive  sulphurous  acid.  Then  the  heat  of  the  burning 
sulphur  vapourises  a  portion  of  the  water  in  the  vessel 
in  which  it  is  placed.  Under  favourable  conditions 
the  amount  of  water  thus  vapourised  may  equal  or  slightly 
exceed  the  weight  of  the  sulphur  burned.  But  under 
general  conditions  it  will  be  much  less.  These  two 
sources  being  the  only  ones  from  which  moisture  is  sup¬ 
plied,  and  the  amount  supplied  being  very  much  too  small, 
it  is  only  reasonable  that  the  disinfedion  should  be  pro¬ 
portionately  incomplete,  and  under  such  conditions  any 
condemnation  of  sulphurous  acid  as  a  disinfedant  is  un¬ 
sound  and  irrational. 

The  conditions  for  a  much  better  application  of  this 
agent  are  very  easily  supplied.  To  fumigate  with  the 
adive  sulphurous  acid,  instead  of  the  inadive  dioxide  of 
sulphur, itisonlynecessary  to  evaporate  water  to  theextent 
of  three  or  four  times  the  weight  of  the  sulphur  burned, 
or  to  wet  the  surfaces  to  be  disinfeded,  or  both,  so  that 
plenty  of  moisture  may  be  present  during  the  burning  of 
the  sulphur.  A  shallow  pan  of  water  upon  a  kerosene 
stove  well  started  in  advance  of  lighting  the  sulphur,  and 
the  floor,  ceiling,  and  walls  well  sprinkled  with  water  by 
means  of  an  ordinary  dust-brush,  is  perhaps  as  good  a 
pradice  as  any. 

There  is  abundant  evidence  on  record  that  sulphurous 
acid  in  small  amount  is  destrudive  to  all  the  lower  orders 
of  animal  and  vegetable  life,  to  all  fermentations  both 
vital  and  chemical  ;  and,  all  that  the  more  recent  elaboiate 
investigations  seem  to  have  shown  is,  that  the  spores  or 
germs  of  certain  microscopic  organisms  were  not  destroyed 
by  it  as  applied  to  them,  even  in  the  presenceof  abundant 
moisture  in  some  of  the  trials.  Many  of  the  late  investi¬ 
gations  have  been  made  with  very  great  care  and  labour 
and  by  modern  accurate  methods.  Some  of  the  best 
results  are,  however,  confusing,  if  not  contradidory,  and, 
therefore,  are  inconclusive,  even  in  regard  to  the  resist¬ 
ances  of  spores. 

Chiefly  from  the  above-mentioned  considerations  the 
writer  reaches  the  conclusion  that  burning  sulphur  for 
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disinfection  should  by  no  means  be  abandoned,  but  should 
be  more  thoroughly  and  more  carefully  applied. 

Not  only  in  diphtheria,  but  in  all  infectious  diseases, 
some  such  disinfectant  is  greatly  needed  in  preventing  the 
spread  of  disease,  and  diminishing  the  risks  of  susceptible 
persons,  and  no  other  method  has  yet  been  proposed  that 
is  more  effective,  more  simple,  or  of  easier  application. 

In  the  lessg  convenient  and  more  costly  method  of  dis¬ 
infecting  by  gaseous  chlorine  the  same  principles  apply, 
and  the  same  conditions  are  necessary.  Dry  chlorine  gas 
is  as  inactive  as  sulphur  dioxide,  and  from  deficient  supply 
of  moisture  the  one  will  fail  as  often  as  the  other. 

When  chlorine  is  enerated  from  common  salt  by  means 
of  dioxide  of  manganese  and  sulphuric  acid,  the  salt  and 
manganese  are  commonly  mixed  into  a  thin  paste  with 
water  before  the  acid  is  added.  Then  on  adding  the  acid 
much  heat  is  developed,  and  a  proportionate  amount  of 
water  is  evaporated  and  disengaged  with  the  chlorine. 
But  this  amount  of  water  is  far  too  small  for  the  full  effect 
of  all  the  chlorine,  and  unless  all  the  surfaces  be  well 
wetted,  and  steam  be  supplied,  the  disinfection  will  be 
defective. 

If  the  walls  and  ceilings  of  apartments  be  kalsomined, 
or  be  covered  with  any  other  preparation  of  glue  or  paste, 
these  should  be  scrubbed  off  clean  with  hot  water  before 
the  disinfection,  because  disinfection  does  not  destroy  the 
tendency  to  putrescence  in  gelatin,  glue,  paste,  &c. 


LONDON  WATER  SUPPLY. 

Report  on  the  Composition  and  Quality  of  Daily 
Samples  of  the  Water  Supplied  to  London 
for  the  Month  Ending  August  31ST,  1890. 

By  WILLIAM  CROOKES,  F.R.S.; 

WILLIAM  ODLING,  M.B.,  F.R.S.,  F.R.C.P., 

Professor  of  Chemistry  at  the  University  of  Oxford  ; 

and  C.  MEYMOTT  TIDY,  M.B.,  F.C.S.,  Barrister-at-Law, 
Professor  of  Chemistry  and  of  Forensic  Medicine  at  the  London 
Hospital;  Medical  Officer  of  Health  for  Islington. 


To  General  A.  De  Courcy  Scott,  R.A., 
Water  Examiner ,  Metropolis  W ater  Act,  1871. 


London,  September  6th,  1890. 

Sir  _We  submit  herewith  the  results  of  our  analyses 
of  the  175  samples  of  water  colletted  by  us  during  the  past 
month,  at  the  several  places  and  on  the  several  days  indi¬ 
cated,  from  the  mains  of  the  seven  London  Water  Com¬ 
panies  taking  their  supply  from  the  Thames  and  Lea. 

In  Table  I.  we  have  recorded  the  analyses  in  detail  of 
samples,  one  taken  daily,  from  August  1st  to  August 
31st  inclusive.  The  purity  of  the  water,  in  lespeCt  to 
organic  matter,  has  been  determined  by  the  Oxygen  and 
Combustion  processes;  and  the  results^of  our  analyses  by 
these  methods  are  stated  in  Columns  XIV.  to  XVIII. 

We  have  recorded  in  Table  II.  the  tint  of  the  several 
samples  of  water,  as  determined  by  the  colour-meter 
described  in  a  previous  report. 

In  Table  III.  we  have  recorded  the  oxygen  required  to 
oxidise  the  organic  matter  in  all  the  samples  submitted 
to  analysis. 

Of  the  175  samples  examined,  one  was  found  to  be  very 
slightly  turbid,”  viz.,  a  sample  colledted  on  the  1st  ultimo, 
the  remaining  174  samples  being  clear,  bright,  and  well 

filtered.  ,  ,  , 

The  generally  satisfactory  character  of  the  water  supply 
during  the  month  of  August  is  well  indicated  by  a  com¬ 
parison  of  the  mean  and  maximum  proportions  of  organic 
carbon  found  in  the  Thames-derived  waters  distributed  to 
the  Metropolis  during  the  months  of  June,  July,  and 
August,  respectively,  thus  : — 


Tune  . 
July  , 
August 


Means. 

0-150 

0-152 

0-150 


Maxima. 
O' 1 66 

0-185 

o^75 


Parts 

per 

100,000. 


But  just  as  the  numbers  for  July  were  somewhat  heightened 
by  the  occurrence  during  the  latter  part  of  the  month  of  a 
flooded  state  of  the  rivers,  brought  about  by  the  un¬ 
precedented  rainfall  of  the  17th  of  July,  so  were  the 
numbers  for  August  similarly  heightened  by  the  persistence, 
during  the  early  part  of  the  month,  of  the  previously 
brought-about  floods,  sustained  as  they  were  by  a  con¬ 
siderable  rainfall  in  the  weeks  following  that  of  the  above- 
mentioned  wholly  exceptional  fall. 

The  proportion  of  organic  matter  present  in  the  water, 
as  determined  alike  by  the  estimations  of  organic  carbon 
found  and  of  oxygen  consumed,  though  affeCted  sufficiently 
to  render  analyses  made  on  an  early  day  in  the  month  no 
fair  criterion  of  the  character  of  the  month’s  supply,  was, 
nevertheless,  influenced  by  the  floods,  but  to  a  very  incon¬ 
siderable  extent  only,  as  noted  also  in  our  previous 
monthly  report.  The  degree  of  colour-tint  of  the  water, 
however,  when  viewed  through  a  thickness  of  two  feet, 
was  found  to  be  more  appreciably  affeCted.  Thus,  while 
the  mean  ratio  of  brown  to  blue  tint  of  the  Thames- 
derived  water  was,  during  the  first  half  of  the  month  of 
August  as  20  :  20,  it  was  found  during  the  last  half  of  the 
month,  after  the  subsidence  of  the  floods,  to  be  only  as 
14-1  :  20. 

We  are,  Sir, 

Your  obedient  Servants, 

William  Crookes. 

William  Odling. 

C.  Meymott  Tidy. 


THE  DRY  ASSAY  OF  TIN  ORES.* 
Part  I. 

By  HEINRICH  O.  HOFFMANN, 
Assistant  Professor  of  Mining  and  Metallurgy. 

(Continued  from  p.  104). 


(3).  In  assaying  ores  in  the  dry  way,  it  has  been,  and 
still  is,  very  common  to  give  a  salt  cover.  To  try  what 
effect  this  would  have,  the  foregoing  two  sets  of  experi¬ 
ments  were  repeated,  adding  the  salt. 

It  was  found  that  the  charges  melted  less  rapidly  and 
were  not  so  thin  as  before  ;  when  cold,  the  surface  of  the 
slag  was  uneven  and  rough  ;  the  crucible  was  corroded, 
but  less  soaked  with  potassium  cyanide,  the  upper  part 
showing  no  prills  of  tin.  The  slag  showed  a  very  coarsely 
granular  structure  ;  it  was  opaque,  milk-white,  but  some¬ 
what  dull  in  comparison  with  that  of  the  pure  cyanide. 
No  other  differences  were  observable. 

The  low  results  shown  by  the  averages  were  startling. 
They  could  not  be  attributed  to  any  aCtion  of  the  sodium 
chloride,  nor  to  the  small  amount  of  silicate  derived  from 
the  corrosion  of  the  crucible.  The  salt  was  examined, 
and  found  to  be  rich  in  sulphuric  acid ;  this  explained  the 
loss  in  tin  (see  Table  XVI.).  Fine  Michigan  table-salt 
was  then  tested,  and  sulphuric  acid  found  to  be  present 
here  also;  therefore,  nothing  further  was  attempted  with 
salt.  No  special  advantage  is  apparent  in  its  use  with 
potassium  cyanide,  as  the  slags  are  thinner  without  it,  and 
form  a  better  “wash”  for  the  sides  of  the  crucible  than 
the  less  readily  fusible  salt.  If  it  is  to  be  used  at  all,  re¬ 
course  must  be  had  to  Ohio  salt,  which,  according  to  the 
Report  of  the  Geological  Survey  of  Ohio,  “  Economic 
Geology,”  1888,  vol.  vi.,  p.  663,  is  free  from  sulphates, 
while  Michigan  salt  always  contains  them. 

(4).  Ricketts  recommends  the  chalk-lined  crucible  for 
the  assay  with  potassium  cyanide.  He  gives  the  charge, 
10  grms.  of  ore  and  40  grms.  of  potassium  cyanide,  with 
half  of  the  flux  in  the  bottom  of  the  crucible  and  the  other 
half  mixed  with  the  ore,  then  the  usual  cover  of  cyanide, 

*  Read  at  the  Colorado  Meeting  of  the  American  Institute  of 
Mining  Engineers,  June,  1889.  From  the  Technology  Quarterly, 
Vol .  iii . ,  No.  2. 
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Table  IX. 


Resulting  Tin. 

No.  of  , — — — ' — - — — - — - — - ' - 

Assay.  Total.  In  button.  In  slags.  In  crucible. 

-A-  .  -  .  .1.1,  ...  *  ■  -  ■  ■  — ’ 


Grms. 

Per  cent. 

Grms. 

Per  cent. 

Grms. 

Per  cent. 

Grms. 

Per  cent. 

39 • 

6752 

6772 

6685 

66-85 

— 

— 

— 

— 

40. 

6752 

67-52 

6-685 

66  85 

— 

— 

— 

— 

41. 

6752 

67-52 

6-685 

66-85 

— 

— 

— 

— 

42. 

6742 

67-42 

6675 

66-75 

— 

— 

— 

— 

Average..  .. 

6749 

67-49 

6-682 

66-82 

o-o6o 

o-6o 

0-007 

0-07 

Table  X. 


Resulting  Tin. 

I 


No.  of 
Assay. 

r*  — 

Total. 

In  button. 

In  slags. 

,  ,  -  _  lri 

In  crucible. 

1  "'V 

Grms. 

Per  cent. 

Grms. 

Per  cent. 

Grms.  Per  cent. 

Grms. 

Per  cent. 

43* 

3-266 

6572 

3-200 

64-00 

—  — 

— 

— 

44. 

3-231 

64-62 

3-165 

63-30 

—  — 

— 

— 

45- 

3-226 

64-52 

3-160 

63-20 

-  - 

— 

— 

46. 

3-176 

63-52 

3'110 

62-20 

-  - 

— 

— 

Average. . 

..  3'225 

64-49 

3-159 

63-17 

O-020  0-40 

0-046 

0-92 

47- 

6-505 

65-05 

6-430 

64-30 

-  - 

— 

— 

48. 

6-405 

64-05 

6-330 

63-30 

—  — 

— 

— 

49* 

6-235 

62-35 

6-i6o 

6i'6o 

—  — 

— 

— 

50* 

6-220 

62-20 

6-145 

6i-45 

-  - 

— 

— 

Average  . 

..  6-341 

63-4I 

6-266 

62-66 

0-065  °'65 

O'OIO 

O-IO 

No.  of 
Assay. 

r"—1 

Total. 

r— 

Grms. 

Per  cent. 

5i* 

6-648 

66-48 

52. 

6618 

66"l8 

53- 

6-458 

64-58 

-  54- 

— 

— 

Average. . 

..  6574 

65-74 

Table  XI. 

Resulting  Tin. 


In  button. 

_ i _ 


Grms. 

Per  cent. 

Grms. 

6625 

66-25 

— 

6-595 

6595 

— 

6-435 

64-35 

— 

6-55I 

65-5I 

o-oo6 

slags.  In  crucible. 

j - x  , - 1 - 


Per  cent. 

Grms. 

Per  cent. 

— 

0*017 

0-17 

— 

0*017 

0-17 

1 

0*OI7 

0-17 

o-c6 

0-017 

0-17 

Table  XII. 

Resulting  Tin. 


No.  of 
Assay, 

r - - 

Total. 

In  button. 

In  slags. 

Grms. 

Per  cent. 

Grms. 

Per  cent. 

X"- 

Grms. 

Per  cent. 

55- 

3-223 

64-46 

3-100 

62'00 

— 

— 

56. 

3*202 

64-04 

l'3 10 

26-20 

1-892 

37-84 

57- 

3-198 

63-96 

3-075 

61-50 

— 

— 

5«- 

3-198 

63-96 

3-075 

61-50 

— 

— 

Average.. 

>.  3-205 

64-11 

— 

— 

0-033 

*  0-66* 

*  Except  No.  56. 


In  crucible. 


Grras.  Per  cent. 


See  slags.  See  slags. 


oogo*  i-8o* 


to  which  is  added  a  salt  cover,  and  heats  for  fifteen 
minutes.  These  directions  were  followed,  only  omitting 
the  salt  cover. 

It  was  expected  that  the  chalk-lining  would  at  least 
partly  prevent  the  cyanide  from  filtering  into  the  crucible, 
but  no  difference  could  he  observed,  the  crucible  being 
just  as  black  as  if  it  had  had  no  chalk-lining. 

The  structure  of  the  slag  was  slightly  coarser ;  it  was 
more  uneven  in  fraCture,  and  of  a  bluish  grey  colour,  in¬ 
stead  of  the  usual  pure  milk-white. 

The  average  of  the  results  is  2'i  per  cent  lower  than 
that  obtained  by  the  chemical  analysis,  and  1*75  per  cent 
lower  than  the  average  of  the  corresponding  10-grm. 
assays,  Nos.  39  to  42.  The  separate  assays  also  show  a 
difference  of  i’g  per  cent,  which  is  very  unfavourable. 
The  first  reason  for  this  that  suggested  itself  was  the 
possible  presence  of  gypsum  in  the  chalk,  but  no  sulphates 


were  found.  There  remains,  therefore,  only  the  presence 
of  lime  to  account  for  the  slagging  of  tin. 

By  a  mistake  in  assay  No.  54,  the  entire  40  grms.  of 
potassium  cyanide  were  mixed  with  the  10  grms.  of  ore, 
and  charged  with  it.  No  button  whatever  was  obtained. 
The  bottom  of  the  crucible  was  covered  with  a  spongy, 
greenish  grey  mass,  and  this  by  the  ordinary  white  slag 
of  potassium  cyanide.  This  shows  the  necessity  of  having 
a  good  layer  of  potassium  cyanide  on  the  bottom  of  the 
crucible,  probably  on  account  of  the  tendency  the  tin  has 
not  to  colled:  in  a  single  button.  If  the  crucible  is  filled 
with  a  uniform  mixture  of  ore  and  cyanide,  a  number  of 
small  buttons  will  be  produced  mixed  with  the  slag.  If  a 
layer  of  pure  potassium  cyanide  cover  the  bottom  of  the 
crucible,  the  particles  of  tin  will  sink  into  it,  and  form  on 
the  undisturbed  bottom  a  nucleus,  around  which  other 
particles  can  colled,  and  thus  take  up  gradually  most  of 


r 
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the  tin.  The  effedt  is  similar  if  charcoal  be  mixed  with 
the  potassium  cyanide  (see  5  to  7). 

(5) .  The  regular  method  of  assay  with  potassium 
cyanide  was  modified  in  the  same  way  as  the  German 
method ;  i.e.,  the  stannic  oxide  was  first  reduced  by  char¬ 
coal,  and  the  potassium  cyanide  then  added  to  colled  the 
particles  of  metallic  tin  into  one  button.  It  was  expeded 
that  the  iron  would  be  taken  up  by  the  potassium  cyanide 
instead  of  alloying  with  the  tin.  The  result  was  tested 
by  dissolving  the  slag  in  water,  filtering  the  solution, 
acidulating  tbe  filtrate  with  hydrochloric  acid,  and  boiling 
to  expel  the  hydrocyanic  acid  formed.  It  was  then  tested 
with  a  mixture  of  ferrous  and  ferric  salt,  which  gave  the 
readions  for  potassium  ferro-  and  ferri-cyanide.  Another 
part  of  the  filtrate  was  evaporated  to  dryness,  treated  with 
nitro-hydrochloric  acid,  again  evaporated  to  expel  all 
cyanogen,  and  taken  up  with  hydrochloric  acid.  On 
adding  ammonium  hydroxide,  the  reddish  brown  ferric 
hydroxide  was  precipitated,  showing  again  the  presence  of 
iron. 

In  the  experiments,  5  grms.  of  ore  were  mixed  with  1 
grm.  of  charcoal,  placed  in  a  naked  crucible,  size  F,  and 
heated  for  a  quarter  of  an  hour  after  the  charge  had  be¬ 
come  dark  red;  then  20  grms.  of  potassium  cyanide  were 
added ;  after  this,  thirteen  minutes  were  required  before 
quiet  fusion  was  obtained. 

The  slags  had  the  usual  characteristics  of  the  pure 
cyanide,  but  black  patches  of  carbon  were  irregularly  dis¬ 
persed  through  them.  The  buttons  were  white,  very 
bright,  malleable,  and  free  from  iron  ;  they  were,  however, 
rough,  and  covered  with  bead-like  excrescences  of  tin. 

These  results  are  very  unsatisfactory.  The  average 
gives  373  per  cent  less  tin  than  is  present ;  it  is  3-20  per 
cent  lower  than  that  of  the  corresponding  5- grm. 
assays,  Nos.  35  to  38,  and  2-21  per  cent  lower 
than  that  of  the  modified  German  method,  Nos. 
23  to  25.  On  comparing  the  separate  weights  of 
the  tin  buttons  obtained,  it  will  be  seen  that  the  tendency 
of  the  tin  not  to  colled  in  one  button  is  enhanced  by  the 
presence  of  the  charcoal  with  which  the  ore  had  been 
mixed.  The  only  result  of  positive  interest  obtained  by 
the  experiments  is  the  faCt  that  the  iron  of  the  black  tin, 
reduced  to  the  metallic  state,  goes  into  the  slag,  and  not 
into  the  button,  as  in  the  modified  German  assay. 

Similar  experiments  carried  on  in  a  charcoal-lined 
crucible  were  equally  unsatisfactory. 

(6) .  The  same  method,  only  using  a  porcelain  crucible, 
bears  the  name  of  Levol’s  method.  Kerl*  and  Ballingfi 
give  it  as  follows  : — 2  grms.  of  ore  are  mixed  with  20  per 
cent  of  charcoal  in  a  porcelain  crucible,  and  heated  for 
from  fifteen  to  thirty  minutes  in  a  muffle;  0-50  to  075 
grm.  of  potassium  cyanide  is  added,  and  the  heating  con¬ 
tinued  another  five  minutes.  They  say  that  the  results 
are  accurate  to  from  07  to  07  per  cent. 

It  was  found  that  it  is  necessary  to  grind  ore  and  char¬ 
coal  very  fine,  and  that  an  excess  of  charcoal  must  be 
avoided. 

Two  grms.  of  ore  were  mixed  with  07  grm.  of  charcoal, 
and  heated  for  half  an  hour  in  the  muffle  at  a  good 
scorification  temperature.  The  crucibles  were  then  re¬ 
moved,  allowed  to  cool,  1  grm.  of  potassium  cyanide 
added,  and  the  crucibles  returned  to  the  muffle  for  ten 
minutes. 

They  were  all  blackened  and  somewhat  corroded  ;  the 
slag  was  of  a  light  grey  colour,  from  the  charcoal,  and 
there  was  a  small  amount  of  green  slag.  In  none  of  the 
assays  had  the  tin  colledted  in  one  button  ;  it  varied  in 
size  from  a  button  down  to  a  fine  grey  powder.  'I  he 
crucibles  were  now  placed  in  hot  water,  the  small  buttons 
picked  out,  and  the  fine  tin  separated  from  the  charcoal 
and  insoluble  green  slag  by  washing.  This  is  the  un¬ 
certain  part  of  the  assay.  The  fine  tin  separates  with 
difficulty  from  the  green  slag.  If  this  is  entirely  removed, 
some  tin  will  be  lost,  and  the  resulting  weight  will  be  too 

*  "  Metallurgisehe  Probirkunst.”  1882,  p.  483. 
t  “  Die  Probnkunde,”  1879,  p.  392 


low  ;  if  all  the  tin  is  recovered,  some  slag  remains  with  it, 
and  the  result  is  too  high.  Thus  the  assayer  must  choose 
between  two  evils,  and  this  causes  a  feeling  of  uncertainty. 
Any  slight  mistake  is  multiplied  by  fifty  when  the  result 
is  expressed  in  percentage.  This  is  illustrated  in  Table 
XIII. 

Table  XIII. 


No.  of  Assay. 

Resulting  tin. 

1  . 

Grms. 

\ 

Per  cent. 

59- 

1-350 

67-50 

60. 

i'335 

66-75 

61. 

1-305 

65'25 

Average  . . 

1-330 

66-50 

The  average  is  too  low,  showing  loss  from  excessive 
care  in  washing  to  obtain  pure  tin.  The  greatest  dis¬ 
crepancy  between  the  single  results  is  2-25  per  cent.  This 
shows  how  difficult  it  is  to  effedt  a  satisfactory  separation 
of  fine  insoluble  slag  and  fine  tin.  During  the  past  two 
years  the  writer  has  made  a  number  of  assays  according 
to  this  method.  The  results  obtained  from  duplicate 
assays  only  agreed  well  when  all  the  tin  had  collected  in 
one  or  more  large  buttons  ;  they  were  never  satisfactory 
if  the  tin  was  present  in  the  form  of  fine  powder.  It  was 
not  discovered  why  in  one  case  a  button,  in  another  a 
powder,  should  be  obtained.  The  statement  made  by 
Kerl  and  Balling,  that  the  results  of  this  method  are 
accurate  within  0-5  per  cent,  needs  modification,  as  it 
certainly  does  not  apply  to  all  tin  ores.  Probably  those 
of  the  Black  Plills  contain  impurities  that  were  not  present 
in  the  ores  Kerl  and  Balling  have  reference  to. 

(7).  The  last  experiments  made  with  potassium  cyanide 
followed  T.  W.  E.  David,  in  his  “  Report  on  the  Geology 
of  the  Vegetable  Creek  Tin-Mining  Field,”  Sydnev,  New 
South  Wales,  1887,  p.  153.  Mr.  David  says  that  at  the 
Glen  Smelting  Works  at  Tent  Hill  the  potassium  cyanide 
is  mixed  with  charcoal.  The  only  reason  that  can  be 
brought  forward  for  this  modification  is,  that  the  potassium 
cyanide  used  must  have  been  very  impure.  Thus,  in  order 
to  increase  its  reducing  power,  charcoal  was  added. 

Five  grms.  of  ore  were  fused  with  a  mixture  of  30  grms. 
of  potassium  cyanide  and  1  grm.  of  charcoal;  only  two- 
thirds  of  the  flux  were  mixed  with  the  ore,  one-third  being 
rammed  into  the  bottom  of  the  naked  crucible. 

Contrary  to  expectation,  the  charge  fused  as  readily  as 
if  it  contained  no  charcoal,  and  came  very  quickly  to  a 
quiet  fusion.  On  breaking  the  crucible,  no  button  was  to 
be  found,  but  only  fine  prills  of  tin  disseminated  through 
a  pumice-like  dark  grey  slag,  containing  irregular  streaks 
coloured  black  by  carbon.  This  shows  again  the  necessity, 
alluded  to  above,  of  having  in  the  bottom  of  the  crucible 
a  layer  of  pure  potassium  cyanide  for  the  reduced  particles 
of  tin  to  colledt  in  and  form  a  button. 

In  the  preceding  experiments,  the  ordinary  c.  p. 
potassium  cyanide  was  used,  as  it  seemed  important  that 
the  results  obtained  should  be  based  on  a  reagent  whose 
composition  was  definitely  known.  But  this  pure  cyanide 
is  somewhat  expensive  (i-go  dollars  a  pound),  and  to  see 
whether  its  use  was  absolutely  necessary,  the  different 
commercial  grades  were  tested.  First,  however,  c.  p. 
cyanide  was  mixed  with  cheaper  fluxes,  such  as  pure 
potassium  and  sodium  carbonate,  to  obtain,  if  possible,  a 
flux  which  would  have  the  same  action  as  the  pure 
cyanide,  but  be  considerably  cheaper.  The  effect  produced 
by  potassium  sulphate  was  also  investigated. 

(To  be  continued). 


Determination  of  Starch  Granules  in  Corn. — Z.  v. 
Milkowski. — The  author  concludes  that  the  methods  of 
Asboth  and  Marcher  both  give  good  and  accordant  re¬ 
sults.  In  determinations  of  sugar  either  the  gravimetrical 
process  of  Ailihn  or  the  volumetrical  method  of  Soxhlet 
should  be  used,  as  the  process  of  Reischauer  gives  merely 
approximate  resuhs.—Zeitschrift  Ji\r  Analytisclie  Chemie 
Vol.  xxix.,  Fait  2,  1890. 
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An  Inquiry  in  Regard  to  the  Conditions  under  which 
Cyanogen  is  Produced  by  Direct  Union  of  Nitrogen 
and  Carbon. 

The  union  of  nitrogen  with  other  chemical  substances  is 
brought  about  with  so  much  difficulty  that  it  has  long 
been  the  custom  to  speak  of  nitrogen  as  an  inert  sub¬ 
stance  showing  little  affinity  for  or  tendency  to  combine 
with  other  elements,  yet  the  very  large  classes  of  com¬ 
pounds  in  which  nitrogen  is  an  essential  element  show 
that  it  is  not  difficult  to  retain  it  in  a  compound  once 
formed,  or  to  hand  it  over  from  one  compound  to  another 
in  the  readions  by  which  chemical  compounds  are  formed 
or  decomposed.  The  difficulty,  then,  is  simply  that  of 
getting  free  nitrogen,  as  it  exists  in  the  air,  to  enter  into 
dired  combination  with  any  other  element,  and  this  dif¬ 
ficulty  is  so  real  and  serious  that,  pradically,  all  of  the 
nitrogenous  compounds  used  in  the  arts  are  obtained  by 
the  decomposition  of  other  nitrogen  compounds.  Free 
nitrogen  is  one  of  the  most  abundant  substances  on  the 
earth,  and  combined  nitrogen  is  essential  to  some  of  the  most 
valuable  of  commercial  produds,  but  the  ready  fixation 
of  the  nitrogen  of  the  air  on  a  manufaduring  scale  in  any 
single  compound  which  may  be  used  as  the  starting  point 
of  a  series  of  substances  derived  from  it,  has  yet  to  be 
accomplished. 

This  indifference  to  combinations,  together  with  the 
considerable  degree  of  permanence  given  by  nitrogen  to 
the  compounds  into  which  it  enters,  lead  to  the  conclusion 
that  a  certain  quantity  of  work,  represented  by  a  certain 
quantity  of  heat,  has  to  be  done  in  order  to  bring  free 
nitrogen  to  the  condition  in  which  combination  is  possible. 
The  chemist  explains  this  by  saying  that  the  condition  of 
free  nitrogen  is  that  of  two  atoms  joined  to  one  another 
to  form  a  molecule  and  requiring  the  expenditure  of  a 
certain  quantity  of  heat  to  tear  them  apart  and  leave  each 
atom  free  to  enter  into  new  combinations. 

The  most  prominent  source,  perhaps  the  only  true 
source,  of  nitrogenous  compounds  in  nature  is  found  in 
the  union  of  nitrogen  and  oxygen  of  the  air  under  the 
influence  of  the  eledric  discharge,  as  in  lightning,  &c. 
Nitric  acid  is  washed  down  from  the  air  by  rain  during  a 
thunderstorm,  either  free  or  as  ammonium  nitrate  or 
nitrite,  and  these  substances,  and  ammonia,  the  produd 
of  their  redudion,  are  the  starting  points  of  mineral, 
vegetable,  and  animal  compounds  containing  nitrogen. 
The  conversion  of  nitrogen  of  animal  and  vegetable 
matter  into  ammonia  and  nitric  acid  under  the  influence 
of  baderial  life  is  a  secondary  process  and  does  not  deal 
with  free  nitrogen. 

Whether  the  union  under  the  influence  of  the  eledric 
spark  be  purely  a  heat  effed,  or  whether  it  results  in  part 
from  a  special  polarity  impressed  upon  the  atoms  of 
nitrogen  by  the  discharge,  it  is  now  definitely  proven  that 
heat  alone  in  presence  of  a  strongly  basic  substance,  like 
an  alkali,  is  sufficient  to  effed  the  combination  of  nitrogen 
and  carbon.  The  discovery,  made  accidentally,  that  the 
hot  blast  iron  furnace  fulfils  at  times  the  conditions 
necessary  for  the  produdion  of  cyanogen  from  nitrogen  of 
the  air,  was  the  beginning  of  a  series  of  experiments  upon 
the  fixation  of  free  nitrogen  which  have  cast  much  light 
upon  the  nature  of  the  problem. 

Nevertheless,  the  conditions  of  the  blast  furnace  furnish 
the  best  basis  for  the  study  of  the  question,  and  most  of 
the  early  attempts  to  fix  atmospheric  nitrogen  as  cyanogen 
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have  striven  to  imitate  these  conditions  more  or  less 
closely.  Bunsen  indeed  (ante)  suggested  the  construdion 
of  a  furnace  on  the  plan  of  the  blast  furnace  for  produdion 
of  cyanides  only,  but  it  is  difficult  to  see  the  pradicability 
of  such  a  plan  unless  the  size  of  the  furnace  were  very 
much  reduced  or  the  yield  of  cyanides  very  small  as 
compared  with  consumption  of  fuel.  We  have  to  inquire, 
then,  what  are  the  essential  and  what  the  non-essential 
conditions  for  the  fixation  of  free  nitrogen  as  cyanogen  ? 
The  investigations  of  the  blast  furnace  itself  with  this 
objed  has  been  done  by  Bunsen  and  Playfair  (ante),  and 
the  various  forms  of  apparatus  which  have  been  applied 
to  the  manufadure  of  cyanides  upon  this  plan  and  the 
experience  drawn  from  them  furnish  much  additional 
material  for  such  an  inquiry. 

We  are  limited  here  to  the  study  of  the  synthesis  of 
cyanogen,  but  the  conversion  of  the  nitrogen  of  the  air 
into  ammonia  or  cyanogen  on  the  one  hand,  or  into  an 
oxide  of  nitrogen  on  the  other,  are  mere  phases  of  the 
great  question  of  the  fixation  of  nitrogen,  and  as  the 
synthesis  of  one  of  these  substances  by  the  aid  of  atmo¬ 
spheric  nitrogen  would  lead  to  the  produdion  of  all,  this 
limitation  cannotexclude  all  considerations  of  these  related 
substances. 

The  conditions  essential  to  the  fixation  of  nitrogen  and 
the  produdion  of  cyanides  are  indicated  in  the  operation 
of  the  blast  furnace,  but  only  in  the  most  general  way. 
Neither  observations  nor  experiment  with  the  blast  fur¬ 
nace  have  yet  enabled  any  one  to  control  it  for  the  pro¬ 
dudion  of  cyanides.  The  appearance  of  cyanides  as  a 
produd  of  these  furnaces,  whenever  observed,  has  occurred 
unexpededly  and  has  generally  ceased  as  suddenly  and 
mysteriously  as  it  began.  Bunsen’s  proposal,  to  ered  a 
furnace  similar  to  a  blast  furnace  to  be  worked  for 
cyanides  only,  has  never  been  fully  aded  upon,  and  in  the 
light  of  present  experience  it  offers  little  promise  of 
success.  We  have  learned  from  the  study  of  the  blast 
furnace  only  that  a  high  temperature,  a  reducing  atmo¬ 
sphere,  an  alkaline  flux,  and  an  excess  of  nitrogen  are 
conditions  favourable  to  the  process. 

The  conditions  most  suitable  in  resped  to  temperature, 
flow  of  nitrogen,  quality  and  density  of  carbon  or  car¬ 
bonaceous  fuel,  proportion  and  nature  of  base,  &c.,  are  as 
yet  undefined. 

The  more  manageable  furnace  of  Possoz  and  Boissiere 
(ante),  although  holding  rather  closely  to  the  principle  of 
the  blast  furnace,  is  free  from  its  greatest  defeds,  in  that 
it  has  no  very  deep  column  of  coal  to  resist  the  flow  of 
gases  or  crush  the  lower  portions  into  a  compad  mass  by 
its  weight.  The  air  or  nitrogen  is  admitted  at  many 
points  also,  and  the  cross  sedion  of  the  furnace  is  not 
small  enough  to  prevent  access  of  the  gases  to  the  centre 
of  the  column  of  coal.  Its  defeds  are,  slowness  of  con¬ 
version  of  nitrogen  into  cyanogen,  rapid  destrudion  of  the 
lining  of  the  furnace,  and  contamination  of  the  cyanides 
with  silicates  thereby  formed. 

The  process  of  Margueritte  and  Sourdeval  (ante)  and 
that  of  Romily  (ante)  are  each,  for  a  different  reason,  free 
from  the  chief  of  these  defeds,  yet  they  have  been  no 
more  fortunate  than  their  predecessors  in  finding  apradic- 
able,  commercial  process. 

In  order  to  reach  a  conclusion  as  to  the  present  asped 
of  the  whole  question,  it  may  be  well  to  take  up  and  con 
sider  in  detail  the  various  conditions  upon  which  the 
absorption  of  free  hydrogen  by  carbon  depends,  to  see 
how  far  the  theory  of  chemistry  may  lead  us  in  anticipating 
the  tffed  of  each,  and  to  find,  if  possible,  what  combina¬ 
tion  of  conditions  gives,  in  the  light  of  theory  and  past 
experience,  most  promise  of  success. 

1.  The  Influence  of  Temperature. — Possoz  and  Boissiere 
(ante),  to  whom  great  deference  is  due  as  the  authors  of 
the  most  persistent  as  well  as  the  most  successful  efforts 
ever  made  in  this  field,  give  unqualified  testimony,  as  the 
result  of  long  experience,  to  the  necessity  for  very  high 
temperatures.  A  white  heat  is  said  to  be  required,  and 
the  fixation  of  nitrogen,  other  things  being  equal,  is 
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diredly  proportional  to  temperature.  On  the  other  hand, 
Armengaud  and  Ertel  both  claim  that  lower  temperatures 
are  quite  adequate  to  effedt  the  combination  of  nitrogen 
and  carbon.  Walter  Weldon,  also,  one  of  the  foremost 
authorities  in  the  application  of  chemistry  to  manufac¬ 
tures  of  this  or  of  any  age,  stated,  in  1879,  as  the  result 
°f. his  own  experiments,  that  the  limit  of  temperature  in 
this  operation  had  been  placed  too  high  and  that  a  red 
heat  was  sufficient.  Siepermann,  in  1887,  testified  to  the 
same  effedt,  basing  his  views  on  a  series  of  experiments. 

The  question  at  issue  relates  only  to  the  difference 
between  a  cherry  red  and  a  white  heat,  but  this  difference 
is  of  the  utmost  importance  in  the  pradtical  operation  of 
a  plant,  and  may  of  itself  be  the  point  upon  which  the 
whole  question  will  ultimately  turn.  It  is  possible,  how¬ 
ever,  that,  under  conditions,  either  of  the  above  views 
may  be  corredt,  and  the  question  must  remain  an  open 
one  until  the  process  shall  have  been  more  fully  studied. 

2.  The  Influence  of  Oxygen— It  is  generally  admitted 
as  the  result  of  all  experiments  upon  the  manufadture  of 
cyanides,  that  oxygen  and  cyanogen  cannot  exist  together 
at  high  temperatures.  Theory  leads  to  the  same  conclu¬ 
sion.  Cyanogen  is  a  combustible  substance,  and  the  effedt  of 
oxygen  upon  cyanides  is  either,  in  the  case  of  the  alkaline 
cyanides,  to  convert  them,  first  into  cyanates  and  then 
into  carbonates,  or  in  the  case  of  cyanides  of  the  heavy 
metals,  to  decompose  them  with’ liberation  of  carbon 
monoxide  and  dioxide.  All  processes,  therefore,  using 
air  as  a  source  of  nitrogen  provide  for  absorption  of 
oxygen  or  its  conversion  into  oxides  of  carbon.  The 
mixed  gases  of  the  cyanogen  furnace  must  be  as  a  whole 
reducing,  not  oxidising,  in  charadter. 

3-  The  Influence  of  Water. — Here  again  we  have  P.  and 
B.  [ante)  with  their  weightof  pradtical  experience  insisting 
upon  a  condition  which  receives  little  support  from  others. 
It  is  evident,  however,  that  the  conditions  of  their  furnace 
did  not  prevent  the  exclusion  of  moisture  to  such  an 
extent  as  to  decide  the  question  absolutely,  and  the  ill 
effedls  of  water  when  admitted  purposely  and  in  greater 
quantity  may  be  ascribed,  in  great  part,  to  its  cooling 
effedts  merely,  when  we  remember  the  great  expenditure 
of  heat,  under  which  water  is  decomposed  by  carbon. 
Water  in  excess,  also,  decomposes  cyanides,  yielding 
ammonia.  The  experiments  of  Langlois  are  quite  con¬ 
clusive  as  to  the  principle  that  water  in  moderate  quantity 
does  not  influence  the  pfodudtion  of  cyanides,  and  Armen¬ 
gaud,  Ertel,  and  others  [ante)  speak  positively  as  to  its 
advantages.  If  the  formation  of  ammonia  is  a  preliminary 
stage  in  the  synthesis  of  cyanogen,  as  Kuhlman  suggests 
[ante),  the  presence  of  hydrogen,  or,  what  is  in  effedt  the 
same,  of  vapour  of  water,  is  a  necessary  condition. 
Vapour  of  water  is  an  oxidising  agent  under  certain  con¬ 
ditions  of  temperature  and  for  certain  elements,  but  it  is 
possible  that  cyanogen  is  not  attacked  by  it  at  high 
temperatures  in  presence  of  hot  carbon,  carbonic  oxide,  or 
hydrocarbons.  The  conclusions  of  several  experimenters 
that  water  does  not  hinder  the  formation  of  cyanides  is 
not,  at  any  rate,  definitely  contradidted  by  theory. 

4.  Time  of  Contact  between  Nitrogen  and  Carbon  and 
Degree  of  Subdivision  of  Carbon. — If  we  assume  that  the 
base,  which  is  found  to  be  necessary  in  produdtion  of 
cyanogen  from  nitrogen  of  the  air,  combines  instantly 
with  the  nascent  cyanogen,  the  question  of  time  is  one 
simply  of  the  speed  of  the  preceding  readtion  between 
nitrogen  and  carbon.  Chemical  adtion  between  a  solid 
and  a  gas,  when  the  temperature  necessary  for  the  readtion 
has  been  attained,  depends  principally  upon  the  surface 
exposed.  The  adtion  may  be  assumed  to  be  instantaneous, 
like  the  adtion  of  oxygen  upon  hot  and  finely  divided 
carbon,  and  to  be  retarded  only  because  the  produdts  of 
combustion  cannot  be  removed  from  the  sphere  of  adtion  at 
the  same  rate  at  which  the  adtion  takes  place. 

In  a  process  like  that  of  Possoz  and  Boissiere,  and  when 
each  fragment  of  charcoal  is  bathed  in  a  film  of  fused 
potash,  adtion  is  limited  by  the  rate  at  which  the  fused 
cyanide  circulates  in  the  pores  of  the  charcoal  and  gives 
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place  to  unchanged  potash  on  the  surface.  New  surfaces 
of  carbon  for  attack,  or  of  potash  for  absorption,  are 
therefore  exposed  less  frequently  than  is  required,  and 
complete  saturation,  that  is,  conversion  into  cyanide,  is 
attained  only  after  a  long  exposure  and  with  much  waste 
of  gas  and  heat.  The  absorption  of  nitrogen  is  probably 
also  retarded  progressively  as  combustion  proceeds,  both 
because  the  pieces  of  carbon  are  reduced  in  size  and 
therefore  facilitate  clogging  of  the  flow  of  gas,  and  because 
the  potash  and  fused  cyanide  are  relatively  more  abundant 
as  carbon  decreases  and  lesser  surface  of  carbon  is  exposed. 

Both  pradtice  and  theory,  therefore,  lean  to  the  con¬ 
clusion  that,  other  things  being  equal,  the  process  will  be 
hastened  by  any  arrangement  that  tends  to  increase  the 
surface  of  carbon  exposed.  The  use  of  pulverised  fuel 
would  seem  to  be  the  ideal  condition  so  far  as  carbon  is 
concerned,  and  with  an  excess  of  ammonia,  the  only 
gaseous  alkali,  would  probably,  at  a  proper  temperature, 
yield  ammonium  cyanide  readily,  as  shown  in  Romily’s 
experiment  (ante),  in  which  a  smoky  flame  of  hydrocarbon 
gas  burning  in  air  yields  ammonium  cyanide  when  the  gas 
is  charged  with  ammonia. 

The  effedt  of  supplying  the  base  also  in  the  condition  of 
powder  would  probably  be  to  still  further  facilitate  the 
adtion,  as  gaseous  cyanogen  would  meet  solid  particles  of 
highly  heated  base  as  soon  as  formed,  and  would  combine 
with  the  metals  of  these  bases  to  form  cyanides.  Alkalies 
would  fuse  and  would  probably  tend  to  produce  aggrega¬ 
tions  with  particles  of  carbon,  to  that  extent  impeding 
access  of  air  to  them,  but  when  we  take  into  account  the 
increased  rapidity  of  chemical  adtion  under  these  condi¬ 
tions  and  the  short  time  given  to  each  group  of  particles 
in  passing  through  the  furnace,  the  gain  by  the  process  of 
pulverising  will  probably  be  greater  than  the  loss.  Solid 
bases,  like  lime  or  baryta,  are  free  from  the  latter  objedtion, 
but  also  have  less  chemical  energy. 

5.  Influence  of  Alkalies  or  Other  Dases. — The  influence 
of  a  base  upon  the  union  of  carbon  and  nitrogen,  both 
being  in  contadt  with  the  base  and  at  a  temperature  suf¬ 
ficiently  elevated  for  combination  to  occur,  is  probably  due 
merely  to  the  fadt  that  the  base  serves  to  remove  cyanogen 
from  the  sphere  of  adtion  as  fast  as  it  is  formed.  The 
belief  in  a  predisposing  affinity,  a  non-correlated  power, 
adting  from  a  given  centre  to  bring  about  a  readtion  in 
which  the  predisposing  body  has  no  share  except  to  com¬ 
bine,  subsequently,  with  the  produdts  of  the  readtion,  is  an 
ingenious  fidtion  of  the  older  chemistry,  which  finds  little 
support  at  the  present  time.  The  influence  of  a  foreign 
substance  in  impeding  the  union  of  two  bodies  by  lessen¬ 
ing  the  opportunities  for  contadt  of  their  respedtive  atoms 
within  a  given  time  supplies  a  more  tangible  explanation. 
Every  chemical  readtion  is  limited  in  violence  after  the 
first  moment  of  adtion — is  impeded  and  finally  checked — ■ 
by  the  produdts  of  the  readtion,  unless  these  are  removed. 
Like  any  foreign  substance  these  substances  impair  the 
freedom  of  access  of  the  readting  atoms  to  one  another 
and  absorb  heat  which  is  necessary  to  the  readtion. 
Whatever  tends  to  remove  these  produdts  quickly  from 
the  field  of  adtion  tends  to  facilitate  the  readtion  itself. 
When  a  and  b  unite  to  form  ab,  the  presence  of  a  third 
substance,  c,  capable  of  combining  with  the  compound  ab 
to  form  abc,  but  not  with  a  or  b  separately,  will  facilitate 
the  union  of  mand  b,  for  the  above  reasons. 

This  would  seem  to  be  the  fundtion  of  the  alkali  or 
other  base  in  the  synthesis  of  cyanogen.  The  conclusion 
is  sustained  apparently  by  the  experiment  of  Langlois  and 
the  earlier  chemists  (ante),  in  which  ammonia  passed 
over  hot  charcoal  yields  ammonium  cyanide.  Tromms- 
dorf  first  suggested  that  it  was  the  presence  of  ammonia 
that  favoured  here  the  formation  of  cyanogen  by  furnish¬ 
ing  a  means  of  fixing  it  as  soon  as  formed. 

The  theory  of  the  adtion  of  bases,  of  alkalies  at  least, 
is  susceptible  of  another  explanation.  Many  authorities 
(Bromeis,  Bunsen  and  Playfair,  Graeger,  Rieken  et  al., 
ante)  believe  that  the  union  of  carbon  and  nitrogen  occurs 
only  at  or  above  the  temperature  at  which  potassium  is 
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reduced  from  its  oxide  by  carbon.  Metallic  potassium  or 
its  vapour  must  be  taken  into  account  upon  this  hypo¬ 
thesis  when  the  reaction  in  question  is  studied.  This 
view  would  explain  the  lesser  activity  of  soda  in  forming 
cyanides,  as  it  is  less  readily  reducible.  Graeger  (fsb. 
chem.  Tech.,  1858,  81)  finds  that  in  the  old  fusion  process 
for  prussiates  the  yield  is  lessened  in  proportion  as  potash 
is  replaced  by  soda,  even  at  temperatures  approaching  the 
fusion  point  of  the  cast  iron  pot.  He  believes  that  nitrogen 
from  the  organic  matter  in  this  case  is  volatilised  and  lost 
before  metallic  sodium  is  formed,  owing  to  the  high  tem¬ 
perature  required  for  reduction  of  sodium.  Lime  and 
baryta,  from  their  infusibility,  are  also  difficult  to  reduce, 
and  should  be  less  suitable  for  the  process.  Knowing  the 
incompatibility  of  cyanogen  and  oxygen  at  high  tempera¬ 
tures  and  the  fadt  that  cyanogen  unites  diredtly  with  the 
metals,  it  is  quite  possible  that  cyanogen  can  only  combine 
when  the  metal  itself  is  presented  to  it,  and  cannot  reduce 
the  oxide,  at  least  only  by  being  itself  destroyed.  Bunsen 
and  Playfair  held  {ante)  that  cyanogen  in  the  upper  part 
of  the  iron  furnace  a&ed  as  a  reducing  agent  and  was  itself 
destroyed  in  reducing  oxides  of  iron. 

The  theory  of  Berthelot  {ante)  is  interesting  in  this 
connection.  He  holds  that  a  diredt  compound  of  potas¬ 
sium  and  carbon  (C2K2)  is  formed,  and  that  this  compound 
absorbs  nitrogen,  forming  with  it  potassium  cyanide.  The 
theory  is  in  perfect  accord  with  the  preceding  one. 
Delbruch  (ante)  has  also  shown  that  cyanogen  is  formed 
when  a  mixture  of  nitrogen  or  ammonia  with  carbon 
dioxide  is  brought  in  contact  with  fused  potassium. 

It  is  possible  also  that  potassium  or  other  metal,  under 
these  conditions,  unites  diredly  with  nitrogen  to  form 
nitrides,  which  then  combine  with  carbon,  yielding 
cyanides.  The  observation  of  Brieglied  and  Geuter, 
already  referred  to  {ante),  that  magnesium  nitride,  when 
heated  with  carbonic  oxide  or  carbonic  acid,  evolves 
cyanogen,  lends  colour  to  this  view. 

6.  The  Nature  of  the  Base  to  be  Used. — As  far  as  ex¬ 
periments  have  gone,  potash  seems  to  be  the  base  best 
suited.  Its  great  chemical  energy  and  ready  fusibility 
and  reducibility  in  presence  of  carbon  give  it  advantages 
over  all  other  bases.  Soda,  besides  being  somewhat  less 
powerful  as  a  base,  fuses  at  a  higher  temperature  and 
therefore  involves  increase  of  wear  and  cost  in  apparatus. 
On  the  other  hand,  it  is  cheaper,  weight  for  weight,  than 
potash,  and,  in  addition,  its  lower  molecular  weight  en¬ 
ables  it  to  do  more  work  for  a  given  weight  than  potash  in 
the  proportion  of  i38’2  to  106. 

The  facility  with  which  ammonium  cyanide  is  formed 
when  ammonia  is  passed  over  hot  charcoal  indicates  that 
ammonia,  like  the  fixed  alkalies,  combines  very  readily 
with  cyanogen.  It  has  the  advantage  of  not  adting  as  a 
flux  upon  the  material  of  the  furnace.  The  use  of  am¬ 
monia,  itself  produced  from  nitrogen  of  the  air,  to  facilitate 
the  synthesis  of  cyanogen  at  a  lower  temperature  than 
that  thought  necessary  for  cyanogen  alone,  is  suggested 
by  Komily’s  experiment  and  may  be  a  feature  of  future 
development  in  the  fixation  of  nitrogen. 

Of  the  infusible  bases  the  alkaline  earths,  lime,  baryta, 
strontia,  and  magnesia  only,  seem  to  have  sufficiently 
strong  basic  power  to  form  cyanides  with  the  air.  The 
cyanides  of  other  metals  decompose  quite  readily  when 
heated.  The  advantages  of  the  alkaline  earths  are  their 
infusibility,  which  prevents  clogging  of  the  mixture  of 
coal  and  basic  substance  and  so  permits  perfedt  access  of 
nitrogen,  and  their  cheapness.  The  corresponding 
cyanides  are  soluble  and  easily  converted  into  alkaline 
cyanides.  These  qualities  compensate  to  some  extent 
for  the  deficient  chemical  energy  of  the  alkaline  earths. 
Margueritte  and  Sourdeval  (ante)  found  that  baryta  ab¬ 
sorbed  nitrogen  rapidly  and  that  barium  cyanide  yielded 
ammonia  on  treatment  with  steam.  Siepermann  (ante) 
mixes  baryta  with  alkalies  to  prevent  fusion  and  clogging. 
Lime,  the  cheapest  of  these  bases,  seems  to  have  been 
little  used.  Armengaud  speaks  of  using  it  in  his  apparatus 
in  1843  (ante)  and  Fleck  (ante)  claimed  the  discovery  that 


hot  calcium  hydrate  could  convert  a  mixture  of  nitrogen 
and  carbonic  oxide  into  ammonia  and  carbon  dioxide. 

(To  be  continued). 
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59.  “  Studies  on  the  Constitution  of  the  Tri-derivatives  of 
Naphthalene.  No.  4.  The  Constitution  of  a- 
N aphthy laminedisulphonic  Acid  Dahl  No.  II.  Naphtha- 
lene-i  :  2' - disulphonic  Acid."  By  Henry  E.  Armstrong 
and  W.  P.  Wynne. 

When  naphthionic  acid  is  sulphonated  with  35  percent 
anhydro-sulphuric  acid  at  a  temperature  not  exceeding 
30°  according  to  Dahl  and  Co.’s  German  patent  No. 
41957,  1886,  two  disulphonic  acids  are  produced,  which 
are  respectively  known  as  a-naphthylaminedisulphonic 
acid  No.  II.  and  No.  III.,  the  latter  constituting  the  chief 
product.  The  constitution  of  acid  No.  III.  has  been  given 
in  a  previous  communication  (Proc.  Chem.  Soc.,  1890,  16). 
With  the  objeCt  of  comparing  the  disulphonic  acids  ob¬ 
tained  by  the  sulphonation  of  a-naphthylamine  with  those 
known  to  be  produced  by  the  sulphonation  of  a-naphthol, 
the  authors  have  undertaken  the  investigation  of  acids 
Nos.  I.  and  II.  of  Dahl  and  Co.’s  patent,  and  are  now  in 
a  position  to  communicate  the  results  obtained  by  the 
examination  of  acid  No.  II.,  for  a  liberal  supply  of  which 
they  are  indebted  to  Messrs.  Dahl  and  Co. 

The  product  received  was  in  the  form  of  potassium  salt, 
and  appeared  to  be  uniform  ;  but  on  investigation  it  was 
found  to  contain  a  noteworthy  quantity,  perhaps  20  per 
cent,  of  an  a -naphthylaminetrisulphonic  acid,  the  forma¬ 
tion  of  which  under  the  conditions  above  named,  is 
especially  interesting  as  throwing  further  light  on  the 
process  involved  in  the  production  of  isomeric  disulphonic 
acids.  When  reduced  by  the  hydrazine  method,  this 
a-naphthylaminetrisulpbonic  acid  yields  a  naphthalenetri- 
sulphonic  acid  characterised  by  forming  a  chloride, 
CioH5(S02C1)3,  which  crystallises  from  a  mixture  of  ben¬ 
zene  and  petroleum  spirit  in  small  prisms  melting  at 
about  1910 ;  whilst  by  the  Sandmeyer  method  it  is  con¬ 
verted  into  a  chloronaphthalenetrisulphonic  acid  character¬ 
ised  by  forming  a  chloride,  CioH4C1(S02C1)3,  which  crys¬ 
tallises  from  benzene  in  minute  prisms,  from  a  mixture  of 
benzene  and  petroleum  spirit  in  small  crystalline 
aggregates,  and  from  acetic  acid  in  small  scales  melting 
at  2150. 

a-Naphthylaminedisulphonic  acid  No.  II.  on  conversion 
into  naphthalenedisulphonic  acid  by  v.  Baeyer's  hydrazine 
method,  yields  a  new  acid,  the  salt  of  which  will  be 
described  in  a  subsequent  communication.  The  chloride 
of  this  acid,  Ci0H6(S02C1)2,  crystallises  from  benzene,  in 
which  it  is  readily  soluble,  in  prismatic  forms  ;  from  a 
mixture  of  benzene  and  petroleum  spirit  in  tufts  of  opaque 
irregular  needles ;  and  from  acetic  acid  in  beautiful 
glistening  plates ;  it  melts  at  i22’5°,  and  on  distillation 
with  PCI5  yields  a  dichloronaphthalene  melting  at  63 — 
63’5°,  convertible  by  sulphonation,  &c.,  into  a  sulpho- 
chloride,  crystallising  in  needles,  which  become  opaque 
and  melt  at  117°.  The  acid  is  consequently  the  1  :  2'- 
disulphonic  acid,  and  is  the  sixth  known  naphthalenedi¬ 
sulphonic  acid.  By  the  Sandmeyer  method,  acid  No.  II. 
can  be  converted  into  a  chlorodisulphonic  acid,  the 
chloride  of  which  crystallises  from  a  mixture  of  petroleum 
spirit  and  benzene  in  minute  needles,  and  from  acetic  , 
acid  in  small  prisms;  it  melts  at  126 — 1270,  and,  on  dis-  J 
tillation  with  PC15,  yields  1 : 4  :  3'  trichloronaphthalene, 
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characterised,  among  other  properties,  by  melting  both  at 
56°  and  663  under  the  conditions  already  described  (loc. 
cit.).  Superposing  these  results,  it  follows  that  a- 
naphthylaminedisulphonic  acid  Dahl  No.  II.  is,  as  its 
mode  of  formation  would  seem  to  indicate,  a  sulphonated 
naphthionic  acid,  and  that  it  has  the  constitution 
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Dahl  acid  No.  II. 


The  authors  reserve  the  investigation  of  the  properties 
of  the  1  :  2'-naphthalenedisulphonic  acid  and  its  deriva¬ 
tives. 


60.  “  Studies  on  the  Constitution  of  the  Tri-derivatives 
of  Naphthalene.  No.  5.  The  Constitution  of  the  Scholl- 
kopf  a-Naphthylaminedisulphonic  yield ."  By  Henry  E. 
Armstrong  and  W.  P.  Wynne. 

The  formation  of  the  Schollkopf  a-naphthylamine- 
disulphonic  acid  (German  patent  40571)  by  the  nitration 
and  subsequent  reduction  of  the  authors’  naphthalene- 
1  :  4’-disulphonic  acid  (Bernthsen,  Ber.,  1889,  3327) 
renders  it  evident  that  the  generally  accepted  view  of  the 
constitution  of  this  acid  is  a  correct  one.  Having  been 
favoured  by  the  ACtiengesellschaft  fiir  Anilinfabrikation 
with  a  supply  of  the  material  prepared  by  the  method 
given  in  the  Schollkopf  patent,  the  authors  took  occasion 
to  submit  this  to  examination.  They  find  that  it  is 
converted  by  the  hydrazine  method  into  naphthalene- 
1  :  4'-disulphonic  acid,  which  was  characterised  by  conver¬ 
sion  into  the  chloride  crystallising  from  benzene  in  prisms 
melting  at  182°,  and  into  1  :  4’-  dichloronaphthalene 
melting  at  107°.  On  treatment  by  the  Sandmeyer  process 
it  gave  a  chlorodisulphonic  acid,  the  chloride  of  which 
crystallised  from  acetic  acid  in  very  small  prismatic 
needles  which  became  opaque  on  drying,  and  from  a 
mixture  of  petroleum  spirit  and  benzene  in  sparingly 
soluble  glistening  flat  plates  ;  it  melted  at  135°,  and,  on 
distillation  with  PC15,  was  converted  into  8-  or  1:4:1'- 
trichloronaphthalene  melting  at  131°.  These  results 
place  it  beyond  question  that  the  constitution  of  the 
Schollkopf  acid  is  expressed  by  the  formula — 
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61.  “  Studies  on  the  Constitution  of  the  Tri-derivatives 
of  Naphthalene.  No.  6.  The  Constitution  of  Cassella’s 
fl-Naphthylamine-8-disulphonic  Acid."  By  Henry  E. 
Armstrong  and  W.  P.  Wynne. 

Messrs.  Cassella  and  Co.  having  been  good  enough  to 
furnish  the  authors  with  a  supply  of  their  /3-naphthyl- 
amine-d-disulphonic  acid,  prepared  from  the  /3-naphthol- 
disulphonic  acid  of  their  German  patent  No.  44079,  it  has 
been  possible  to  determine  its  constitution  by  the  hydra¬ 
zine  and  Sandmeyer  methods  already  described.  On 
treatment  by  the  hydrazine  method,  the  amido-acid  yields, 
in  the  first  instance,  a  peculiar  ropy  gelatinous  hydrazine, 
which  can  only  be  freed  from  tin  salts  with  considerable 
difficulty.  The  disulphonic  acid  obtained  from  this 
hydrazine  yields  a  chloride  crystallising  from  benzene,  in 
which  it  is  sparingly  soluble,  in  small  flat  spear-like 
needles;  this  chloride  melts  at  225°,  and  on  distillation 
with  Pd5  yields  2  :  3'-dichloronaphthalene  melting  at 
I35° :  it  is,  therefore,  naphthalene-2  :  3'-disulphonic  acid 
— the  /3-disulphonic  acid  of  Ebert  and  Merz.  By  the 
Sandmeyer  method,  the  amido-acid  is  converted  into  a 
chlorodisulphonic  acid,  the  chloride  of  which  crystal¬ 
lises  from  benzene,  in  which  it  is  very  soluble,  in  small 
characteristic  radiate  groups  of  very  slender  needles,  and 


from  a  mixture  of  petroleum  spirit  and  benzene  in  small 
opaque  aggregates  melting  at  176° ;  on  distillation  with 
PCI5  it  yields  2  :  3  : 2’-trichloronaphthalene  melting  at 
go°.  Combining  these  results,  it  follows  that  Cassella’s 
fl-naphthylamine-d-disulphonic  acid  and  the  0  naphthol- 
disulphonic  acid  of  the  German  patent  No.  44097,  from 
which  it  is  derived,  have  the  formula — 


s/\/\ 


NH2(OH) 


\/\/  s 

and  both  are,  therefore,  tri-^-acids  isomeric  with  the  cor¬ 
responding  R-acids  ( Proc .  Chem.  Soc.,  1890,  12). 

62.  “  Studies  on  the  Constitution  of  the  Tri-derivatives 
of  Naphthalene.  No.  7.  The  Disulphonic  Acids  obtained 
by  Sulphonating  the  Isomeric  Heteronucleal  fi-Naphthyl- 
aminesulphonic  Acids."  (First  Notice).  By  Henry  E. 
Armstrong  and  W.  P.  Wynne. 

According  to  Gans  and  Co.’s  German  patent,  No.  35019, 
1884,  /3-naphthylamine  is  converted  into  the  amido-G- 
disulphonic  acid  by  heating  its  sulphate  with  thrice  its 
weight  of  20 — 30  per  cent  anhydrosulphuric  acid  at  no — 
140°  until  soluble  in  water ;  and  the  same  product  is  said 
to  result  when  “  y3  -  naphthylaminesulphonic  acid”  is 
similarly  treated.  But  inasmuch  as  four  monosulphonic 
acids  are  obtainable  from  0-naphthylamine,  to  determine 
the  law  of  sulphonation,  it  was  obviously  necessary  to 
examine  the  behaviour  of  each  of  these  and  to  avoid  the 
occurrence  of  secondary  changes  as  far  as  possible; 
experiments  with  this  object  in  view  were  commenced 
several  years  ago  :  meanwhile  an  account  of  the  behaviour 
of  the  Bronner  acid  under  conditions  similar  to  those 
specified  by  Gans  and  Co.  have  been  published  by 
Forsling  ( Berichte ,  1888,  3496). 

(1).  2  :  1' -(3-Naphthylamine-a-sulphonic  Acid  ( Badisclie 
Acid)  : — When  the  Badische  acid  is  stirred  into  four  times 
its  weight  of  20  per  cent  anhydrosulphuric  acid  at  a  tem¬ 
perature  not  exceeding  20°,  and  the  mixture  is  allowed  to 
stand,  sulphonation  proceeds  slowly  and  is  not  entirely 
complete  even  at  the  end  of  three  months.  The  product 
is  found  to  consist  almost  entirely  of  an  acid  recognised 
as  amido-G-disulphonic  acid,  inasmuch  as  it  gave  by  the 
hydrazine  and  Sandmeyer  methods  all  the  produ<5ts 
already  described  as  characteristic  of  this  acid  {Proc.  Chem. 
Soc.,  1890,  12).  The  naphthalenedisulphochloride  pre¬ 
pared  from  it  melted  at  1370,  and  on  distillation  with 
PCI5  gave  x  :  3-dichloronaphthalene  melting  at  6i-5°  ;  the 
chloronaphthalenedisulphochloride  from  it  melted  at  169°, 
and  on  distillation  with  PC15  gave  1:3:  2'-trichloro- 
naphthalene  melting  at  113°.  The  subsidiary  product 
formed  on  sulphonating  the  Badische  acid  has  not  yet 
been  prepared  in  sufficient  quantity  to  admit  of  its 
examination. 


(2).  2  :  f  -f-N aphthylamine-a-sulphonic  Acid  {Dahl  Acid). 
—  When  stirred  into  four  times  its  weight  of  20  per  cent 
anhydrosulphuric  acid  at  a  temperature  not  exceeding  20°, 
the  Dahl  acid  gradually  undergoes  further  sulphonation, 
the  process  being  usually  completed  in  116 — 120  hours. 
The  product  is  found  to  consist  of  two  isomeric  acids, 
which  are  readily  separated  by  crystallising  out  the  minor 
product  as  normal  potassium  salt,  and  subsequently 
purifying  the  chief  product  by  repeated  crystallisation  of 
its  acid  potassium  salt. 

Chief  Product. — The  acid  potassium  salt  of  the  chief 
product  crystallises  in  thistle-down  like  aggregates,  and 
is  very  soluble  in  water;  on  reduction  by  the  hydrazine 
method  it  gave  naphthalene-i  :  3-disulphonic  acid  which 
was  characterised  by  means  of  the  chloride  melting  at 
137°;  on  distillation  with  PCI5,  this  gave  1  : 3-dichloro- 
naphthalene  melting  at  61 '5  {loc.  cit.).  On  treatment  by 
the  Sandmeyer  process,  it  was  converted  into  a  chlorodi¬ 
sulphonic  acid,  the  chloride  of  which  is  very  soluble  in 
benzene,  and  crystallised  from  a  mixture  of  benzene  and 
petroleum  spirit  in  radiate  groups  of  small  prisms,  from 
acetic  acid  in  elongated  prismatic  needles  showing  good 
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end  faces  ;  this  chloride  melted  at  156°,  and  on  distillation 
with  PCI5  gave  2 : 2' :  4'-trichloronaphthalene  crystallising 
in  radiate  groups  of  very  slender  characteristic  needles 
melting  at  80°.  It  follows,  therefore,  that  the  chief  pro¬ 
duct  obtained  by  the  further  sulphonation  of  the  Dahl 
acid  under  the  conditions  named  has  the  constitution— 


/\/\ 


NHa 


Minor  Product. — The  normal  potassium  salt  of  this  acid 
was  obtained  in  well  formed  rectangular  tablets.  1  he 
quantity  prepared  has  not  sufficed  for  its  complete  investi¬ 
gation  by  both  methods,  and  it  has  therefore  been 
examined  by  the  Sandmeyer  method,  alone.  The 
corresponding  chlorodisulphonic  acid  yields,  a  chloride 
which  crystallises  from  benzene,  in  which  it  is  sparingly 
soluble  in  the  cold,  either  in  prismatic  needles  or  well 
formed  prisms,  from  a  mixture  of  benzene  and  petroleum 
spirit  in  flat  needles,  and  from  acetic  acid  in  long 
prismatic  flat  needles;  it  melts  at  158°,  and  on  distillation 
with  PC15  is  converted  into  1  :  2  :  4'-trichloronaphthalene 
crystallising  from  alcohol  in  long  slender  flat  needles 
melting  at  78 — 78-5°  (Proc.  Cheni.  Soc.,  1889,  49)-  _  ^ 
follows,  therefore,  that  this  amido-acid  has  the  constitu¬ 
tion — 
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(3)-  2;  3’-(3-Naphthylamine-(3-sulphonic  Acid  ( Bronner 
Acid).— When  stirred  into  four  times  its  weight  of  20 
per  cent  anhydrosulphuric  acid  at  a  temperature  not 
exceeding  20°,  the  Bronner  acid  is  readily  further 
sulphonated,  the  process  being  completed  in  from  16—20 
hours.  The  product  is  found  to  consist  of  two  isomeric 
acids;  the  minor  product,  perhaps  20  per  cent,  has  been 
identified  as  G-amidosulphonic  acid  by  the  hydrazine  and 
Sandmeyer  methods  ( v .  supra). 

Chief  Product. — The  acid  potassium  salt  of  this  acid 
crystallises  in  opaque  white  radiate  aggregates  of  short 
needles,  difficultly  soluble  in  water;  butthe  crystalline  form 
and  solubility  are  much  influenced  by  the  presence  of  small 
quantities  of  amido  G-acid,  and  there  is  every  reason  to  re¬ 
gard  it  as  identical  with  the  acid  obtained  by  Forsling  ( Ber ., 
1888,  3496)  by  heating  Bronner  acid  with  3  to  4  parts  of 
“  fuming  sulphuric  acid  ”  (percentage  of  added  S03  not 
stated)  at  110°  until  the  product  was  soluble  in  water. 
When  reduced  by  the  hydrazine  process,  the  amido-acid 
constituting  the  chief  product  gave  naphthalene  1 :  3’- 
disulphonic  acid,  which  was  characterised  by  means  of  its 
sulphochloride  melting  at  127°,  and  the  derived  1:3’- 
dichloronaphthalene  melting  at  48-5°.  On  treatment  by 
the  Sandmeyer  process,  it  was  converted  into  a  chloro¬ 
disulphonic  acid,  the  chloride  of  which  crystallised  from 
benzene,  in  which  it  was  readily  soluble,  in  well  formed 
prisms,  from  a  mixture  of  benzene  and  light  petroleum  in 
small  prisms  showing  good  faces,  and  from  acetic  acid  in 
prismatic  needles  ;  it  melted  at  124-5  —  125°,  and  on 
distillation  with  PC15  gave  1:2:  3’-trichloronaphthalene 
crystallising  from  alcohol  in  tufts  of  short  very  slender 
needles  melting  at  92°  (Proc.  Chem.  Soc.,  i88g,  52). 
Combining  these  results,  the  amido-acid  constituting  the 
chief  product,  and  presumably  Forsling’s  acid,  has  the 
constitution — 
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acid  is  diminished,  and  that  of  the  amido-G-acid  in- 
creased. 

(4).  2  :  2'-  [}-Naphthyla?nine-(3-sulphonic  Acid  ( Bayer 

and  Duisberg's  Delta-acid) .—  When  stirred,  into  four 
times  its  weight  of  20  per  cent  anhydrosulphuric  acid  at  a 
temperature  not  exceeding  25°,  delta-acid  yields  a  complex 
produa,  which  has  not  yet  been  satisfadorily  separated 
into  its  constituents.  Although  the  acid  was  very  care¬ 
fully  purified  and,  it  is  believed,  was  freed  from  Bronner 
acid,  one  of  the  disulphonic  acids  obtained  from  it  and 
forming  a  considerable  proportion  of  the  produa,  had  the 
constitution  and  properties  of  the  /3-naphthylamine-i  :  3'- 
disulphonic  acid  prepared  from  pure  Bronner  acid.  Two 
other  produas  were  obtained  and  are  at  present  under 
investigation  ;  one  of  these  is  converted  by  the  Sandmeyer 
process  into  a  chlorodisulphonic  acid  which  seems  to  be 
identical  with  that  derived  from  the  sulphonated  Dahl  acid 
of  the  constitution — 

S  /  V\  nh2 


The  investigation  of  the  changes  which  occur  in  the 
conversion  of  these  various  acids  into  amido  R-acid  on  the 
one  hand,  and  the  Cassella  /8-naphthylamine-8sulphonic 
acid  on  the  other  are  at  present  under  investigation,  and 
the  authors  hope  to  be  in  a  position  shortly  to  communi¬ 
cate  in  a  final  form  results  indicating  the  influence 
exercised  by  NH2,  as  compared  with  Cl  and  OH  in  a  /3- 
position  on  the  formation  of  disulphonic  acids. 


63.  “  Studies  on  the  Constitution  of  the  Tri-derivatives 
of  Naphthalene.  No.  8.  (S-Chloronaphthalenedisulphonic 
Acids."  (First  Notice).  By  Henry  E.  Armstrong  and 
W.  P.  Wynne. 

As  already  indicated  in  a  previous  communication,  the 
study  of  the  disulphonic  acids  obtained  by  sulphonating 
chloronaphthalenesulphonic  acids  of  known  constitution 
is  being  carried  on  pari  passu  with  that  of  the  acids 
derived  from  the  various  naphthylaminesulphonic  acids 
(Proc.  Chem.  Soc.,  1890,  18).  A  brief  account  of  the 
results  obtained  with  the  four  heteronucleal  3-chloro- 
naphthalenesulphonic  acids  under  like  conditions  is  now 
given,  details  with  reference  to  the  composition  of  the 
salts,  &c.,  being  reserved  for  a  full  communication. 
Sulphonation  was  effedted  by  adding  the  theoretical 
quantity  of  sulphuric  anhydride,  employed  in  the  form  of 
20  per  cent  anhydrosulphuric  acid,  to  the  dry  potassium 
/3-chloronaphthalenesulphonate  and  heating  the  warm 
mixture  at  ioo°  for  an  hour,  the  potassium  sulphate 
formed  being  removed  by  treatment  with  alcohol  and  the 
excess  of  sulphuric  acid  by  means  of  barium  carbonate.. 

(1).  2:  i'-/3-  Chloronaphthalene-u-sulphonic  Acid. — .This 
acid,  under  the  conditions  named,  gives  a  uniform 
chloronaphthalenedisulphonic  acid,  the  chloride,— 

1  C10H5C1(S02C1)2, 

'l  of  which  crystallises  from  benzene,  in  which  it  is 
comparatively  sparingly  soluble,  in  beautiful  radiate 
groups  of  long  slender  lustrous  needles  ;  it  melts  at  170°, 
and  on  distillation  with  PC15  gives  1  :  3  :  2'-trichloro- 
naphthalene  melting  at  113°.  The  constitution  of  the 
acid  is  therefore — 

S 

ci 


NH, 


\/\/ 


By  operating  at  higher  temperatures  the  yield  of  this 


and  corresponds  with  the  G-amido  acid  obtainable  fron 
the  2:  I'-^-naphthylamine-a-sulphonic  acid. 

(2).  2 :  f-fi-Chloronaphthalene-a-sulphonic  Acid. — Thi 
acid  gives  what  seems  to  be  a  uniform  product.  Thj 
potassium  salt  of  the  chlorodisulphonic  acid  is  particular!  1 
well  characterised  since  it  crystallises  in  prismatic  forms' 
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whereas  the  corresponding  salts  of  the  isomeric  acids 
crystallise  in  slender  needles.  The  chloride , — 
Ci0H5C1(SO2C1)2, 

is  apparently  dimorphous  and  crystallises  from  benzene 
for  the  most  part  in  very  lustrous  scales,  but  occasionally 
in  prismatic  forms,  both  of  which  melt  at  156 — 156-5°,  and 
on  distillation  with  PC15  give  the  same  trichloronaphtha- 
lene  melting  at  79°.  This  trichloronaphthalene  has  not 
yet  been  compared  by  sulphonation, &c.,  with  the  1:2:4'- 
and  the  1:3  :  3'-  trichloronaphthalenes,  with  one  of 
which  it  must  be  identical,  owing  to  the  insufficient  supply 
of  material ;  most  probably  it  has  the  constitution 
1:3  :  3'  and  corresponds  with  that  derived  from  the 
amido-acid  constituting  the  chief  product  of  the  further 
sulphonation  of  the  2  :  4'-/S-naphthylamine  a-sulphonic 
acid. 

(3).  2  :  3'-  /3  -  Chloronaphthalene  -  fi  -  sulphonic  Acid. — 
Under  the  conditions  named,  this  acid  gives  two 
chlorodisulphonic  acids  which  are  best  separated  by  the 
fractional  crystallisation  of  the  potassium  salts.  The  less 
soluble  potassium  salt  constituting  the  minor  product 
yields  a  chloride,  CIOH5Cl(S02Cl)2,  which  crystallises 
from  benzene  in  aggregates  of  what  at  first  sight  seemed 
to  be  radiate  prisms,  but  under  a  lens  were  found  to  be 
composed  of  bundles  of  very  slender  needles  aggregated 
in  prismatic  forms,  having  a  silky  lustre;  it  melts  at  148°, 
and  on  distillation  with  PC15  gives  1:3:  2'-trichloro- 
naphthalene,  crystallising  from  alcohol  in  characteristic 
tufts  of  needles  melting  at  1130. 

The  more  soluble  potassium  salt  constituting  the  major 
product  was  found  to  give  products  identical  with  those 
obtained  from  the  chlorodisulphonic  acid  derived  from 
2  :  i'-j8-chloronaphthalene-a-su]phonic  acid  ( v .  supra). 
The  chloride  crystallises  from  benzene  in  radiate  groups 
of  needles  melting  at  169°,  and  on  distillation  with  PC15 
yields  1:3:  2'-trichloronaphthalene  melting  at  113°.  The 
constitution  of  the  two  acids  is  represented  by  the 
formulae — 


S 


S 

Minor  product.  Major  product. 

CltS02Cl)2,  m.  p.  =  148°.  C1(S02U1)2,  ra.  p.  =  169°. 


(4).  2:  2' -fi-Chloronaphihalene-fi-sulphonic  Acid. — This 
acid,  under  the  above  conditions,  yields  a  uniform 
chlorodisulphonic  acid,  the  chloride  of  which, — 
CioH5C1(S02C1)2, 

crystallises  in  beautiiul  radiate  groups  of  flat  prismatic 
needles  melting  at  1740.  On  distillation  with  PC1S,  the 
chloride  is  converted  into  x  :  3  :  3'-trichloronaphthalene, 
crystallising  from  alcohol  in  radiate  groups  of  long  slender 
needles  melting  at  8o-5°.  The  acid  has,  therefore,  the 
constitution — 


S 
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(To  be  continued). 


CORRESPONDENCE. 


the  origin  of  melinite  and  lyddite 

(Picric  Acid). 

To  the  Editor  of  the  Chemical  News. 

Sir, — In  your  issue  of  the  12th  inst.  there  occurs,  page 
1 3 1,  the  following  sentence  : — 

“  Although  picric  acid  compounds  were  long  since  ex¬ 
perimented  with  as  explosive  agents,  it  was  not  until  a 


very  serious  accident  occurred,  in  1S87,  at  some  works 
near  Manchester,  where  the  dye  had  been  for  some  time 
manufactured,  that  public  attention  was  directed  in 
England  to  the  powerfully  explosive  nature  of  this  sub¬ 
stance  itself.” 

As  this  sentence  forms  part  of  this  year’s  great  annual 
scientific  manifesto,  with  which  Presidents  of  the  British 
Association  for  the  Advancement  of  Science  are  wont  to 
favour  your  readers,  I  trust  your  loveof  scientific  precision 
will  help  me  to  point  out  that,  “ prior  ”  to  the  very  serious 
accident  near  Manchester,  public  attention  “  was  ” 
directed  in  England  to  the  powerfully  explosive  nature  of 
this  substance  itself  through  the  medium  of  a  very  serious 
publication  in  London — or  rather  through  the  medium  of 
two  very  serious  publications — viz.,  a  patent  and  a  paper 
read  before  the  Chemical  Society,  as  you  will  see  from  the 
following  statement,  which  I  draw  up  last  spring  at  the 
request  of,  and  as  I  hoped  for  the  use  of,  my  distinguished 
fellow-inventor — the  President  of  the  Government  Com¬ 
mittee  on  Explosives,  and  now  President  of  the  British 
Association  for  the  Advancement  of  Science. — I  am,  &c. 

H.  Sprengel. 

54,  Denbigh  Street,  S.W. 

May  5th,  1890. 

Dear  Sir  Frederick, — Having  had  the  advantage  of  Dr. 
Dupre’s  friendly  advice,  I  now  beg  to  send  you  the  simple 
statement,  accompanied  by  all  the  documentary  evidence 
at  my  disposal,  for  which  you  were  good  enough  to  ask  in 
your  note  of  the  29th  ult. — Yours  very  truly  and  respect¬ 
fully,  H.  Sprengel. 

Sir  F.  Abel,  C.B.,  F.R.S.,  &c., 

President  of  Government  Committee  on  Explosives. 

Simple  Statement. 

Picric  Acid,  “  as  a  powerful  Explosive  when  fired  by  a 
detonator ,”  was  discovered  and  used  by  me  early  in  1871. 
I  patented  this  substance  in  England  in  conjunction  with 
a  number  of  other  explosive  agents. 

As  this  patent  (2nd  edition)  is  unfortunately  out  of  print 
and  now  older  than  fourteen  years,  I  am  unable  to  procure 
and  enclose  a  copy.  Be  it  mentioned,  however,  that  in 
the  complete  specification  of  this  patent,  No.  2642,  of 
October  5th,  1871,  I  say,  page  5,  lines  5  to  8  :  — 

“  This  invention  relates  to  the  preparation  and  use  of 
explosive  compounds,  and  is  partly  based  on  the  principle 
of  keeping  separate  the  “oxydising”  from  the  “com¬ 
bustible”  agent  until  such  time  as  the  effect  of  their 
chemical  combination  is  required.” 

Picric  acid,  being  neither  an  oxidising  nor  a  combustible 
agent,  but  partaking  of  the  character  of  both,  already 
combined,  viz.,  a  complete  explosive  by  itself,  I  separated 
it  from  the  rest  of  the  subtances  mentioned  in  the  patent, 
and  placed  it  alone  in  a  detached  sentence,  page  6,  lines 
17  and  18,  thus: — “  I  also  employ  Picric  Acid.” 

August,  1873,  I  published  a  paper  in  explanation  of  this 
patent  in  the  Journal  of  the  Chemical  Society  of  London, 
of  which  paper  I  am  able  to  enclose  a  copy.  There  I  say, 
page  10  (marked  in  red)  : — 

“  Be  it  noticed  here  that  picric  acid  alone  contains  a 
sufficient  amount  of  available  oxygen  to  render  it,  without 
the  help  of  foreign  oxydisers,  a  powerful  explosive,  when 
fired  by  a  detonator.  Its  explosion  is  almost  unaccom¬ 
panied  by  smoke.” 

(In  other  words: — It  is  almost  completely  gasified  by 
detonation  in  spite  of  its  excess  of  carbon,  necessitating, 
as  was  obvious  to  every  F.C.S.,  the  formation  of  carbonic 
oxide.  See  my  table  and  analysis,  pp.  5  and  7.) 

A  copy  of  both  this  patent  and  paper  I  sent  to  M. 
Eugene  Turpin  of  Paris,  February  gth.  1884.  Twelve 
months  later  this  gentleman  patented*  my  statements  of 
1871  and  1873,  respecting  Picric  Acid,  without  mention¬ 
ing  the  source  of  his  information  ;  and  that  in  spite  of  the 
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sharp  reprimand  which  he  had  previously  received  from 
Sir  F.  Abel  for  having  brought  out,  as  his  own,  another 
invention  of  mine  with  much  flourish  of  trumpets.  (See 
my  enclosed  pamphlet,*  pp.  17  to  26.) 

Finally  it  may  be  recorded,  that  the  first  Picric  Acid 
shot  was  fired  by  me  early  in  March,  1871,  at  Faversham 
in  Kent,  forming  part  of  a  piece  of  work  which  want  of 
encourageme?it  and  the  hostility  of  gunpowder  makers 
obliged  me  to  put  aside. 

H.  Sprengel 

London,  May  5th,  1890. 


ESTIMATION  OF  AMMONIA. 

To  the  Editor  of  the  Chemical  News. 

Sir, — I  have  read  a  note  in  the  Chemical  News  of  last 
week,  page  126,  upon  an  apparatus  for  the  estimation  of 
ammonia  in  sewage  and  sand ;  the  apparatus  is  also 
figured. 

I  should  like  to  draw  the  attention  of  your  readers  to 
the  fadt  that  I  employed,  while  at  Bonn,  an  apparatus 
almost  identical  with  that  described  by  Mr.  Hazen,  the 
only  difference  being  that  I  used  in  place  of  the  long,  and 
often  inconvenient,  Liebig’s  condenser,  a  spiral  worm  of 
glass,  and  which  I  found  to  answer  equally  as  well.  I 
have  occasionally  used  the  method  since  my  return  for 
the  determination  of  ammonia  in  produds  obtained  from 
bituminous  and  petroleum  shales,  and  I  cannot  say  that 
I  have  been  so  favourably  impressed  with  the  method  as 
Mr.  Hazen  appears  to  be.  The  method  is  more  com¬ 
plicated,  takes  up  more  room,  and  necessitates  the  ex¬ 
penditure  of  more  care  and  considerably  more  time  than 
the  process  of  simple  boiling  of  the  liquid  to  be  examined. 

Besides,  when  using  concentrated  solutions  of  ammonia, 
unless  the  small  flask  be  continuously  heated,  my  experi¬ 
ence  has  been  that  it  is  almost  impossible  to  drive  over 
the  last  traces  of  ammonia,  thus,  of  course,  yielding 
results  which  in  most  cases  are  found  to  be  too  low.  The 
method,  as  described  is,  as  Mr.  Hazen  remarks,  useless 
and  inapplicable  to  water  analysis. — I  am,  &c., 

Arthur  R.  Haslam,  Ph.D. 

The  Laboratory,  Wellington  Quay, 

Dublin,  Sept.  8th,  1890. 


CHEMICAL  NOTICES  FROM  FOREIGN 
SOURCES. 


Note. — All  degrees  of  temperature  are  Centigrade  unless  otherwise 
expressed. 

Comptes  Rendus  Hebdomadaires  des  Seances ,  de’Academie 
des  Sciences.  Vol.  cxi.,  No.  g,  September  1,  i8go. 

The  Chlorophyllian  Assimilation  of  Trees  with  Red 
Foliage.— Henri  Jumelle. — In  trees  with  red  or  copper 
coloured  leaves  the  chlorophyllian  assimilation  is  always 
weaker  than  the  assimilation  of  similar  trees  with  green 
leaves.  The  difference  of  intensity  may  be  very  great: 
the  copper-beech,  other  conditions  being  alike,  assimilates 
about  six  times  less  than  the  ordinary  beech. 
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undrinkable  is  known  in  France  as  methylene.  The 
author  finds  that  Kraemer’s  method  commonly  used  may 
serve  for  the  determination  of  very  small  quantities  of 
acetone  in  methylic  alcohol ;  it  cannot  be  employed  for 
estimating  the  acetone  in  the  methylenes  used  for  de- 
naturisation,  which  contain  20  to  25  per  cent  of  acetone. 
Zieben’s  method  is  applicable  only  to  methylenes  which 
contain  neither  aldehyd  nor  ethylic  alcohol,  nor,  in 
general,  any  substance  other  than  acetone  capable  of 
yielding  iodoform. 

On  Oxytetric  Acid. — Ch,  Cloez. — The  author  assigns 
to  this  acid  the  formula  C5H6O4. 

Identity  of  the  Oxytetric  and  Mesaconic  Acids. — 
Ch.  Cloez. — The  result  of  this  paper  appears  from  the 
title. 

The  Determination  of  Hydrochloric  Acid  in  a 
Solution  of  Hydroxylamine  Hydrochlorate. — J.  A. 
Muller. — This  determination  can  be  made  with  a  solution 
of  soda  quite  free  from  carbonate,  using  phenolphthalein 
as  the  indicator. 

Atftion  of  Oxygenated  Water  on  the  Oxy-com- 
pounds  of  Manganese. — A.  Gorgen. — This  memoir  does 
not  admit  of  useful  abstraction. 


Archives  Ncerlandaises  des  Sciences  Exactes  ct  Naturelles 
Vol.  xxiv.,  Parts  2  and  3. 

This  issue  contains  no  chemical  matter. 


NOTES  AND  QUERIES. 


***  Our  Notes  and  Queries  column  was  opened  for  the  purpose  of 
giving  and  obtaining  information  likely  to  be  of  use  to  our  readers 
generally.  We  cannot  undertake  to  let  this  column  be  the  means 
of  transmitting  merely  private  information,  or  such  trade  notices 
as  should  legitimately  come  in  the  advertisement  columns. 

Wood  Pulp. — Can  any  correspondent  inform  us  where  we  can  get 
a  detailed  account  of  the  manufacture  of  wood  pulp  by  the  most 
recent  process.' — R.  L.  P. 

Portland  Cement. — Will  any  correspondent  refer  me  to  some 
reliable  books  on  the  manufacture  of  Portland  cement,  with  special 
reference  to  grinding  raw  material  and  clinker  ? — F.I.C. 

Foreign  University. — What  university  in  Germany  or  Switzer¬ 
land  is  generally  considered  to  give  the  best  training  in  chemistry, 
especially  with  a  view  to  general  analysis  and  agricultural  ?  In  other 
words,  which  German  or  Swiss  university  would  you  recommend  to 
a  man  desiring  to  go  abroad  in  order  to  acquire  a  good  chemical 
training,  and  having  in  view  a  general  analytical  practice,  but 
mainly  agricultural  ? — Student. 


p ATEN T  S , 

Provisional  Protection,  from  £2  2s- 

Lowest  cost  of  complete  English  and  Foreign  on  application. 
Also,  Designs  and  Trade  Marks.  Inventions  financed. 

WALLACE,  WEATHERDON,  &  CO., 

Registered  Patent  Agents, 

57 &  58,  Chancery  Lane,  and  n,  Southampton  Buildings,  W.C. 
Established  1849. 


Chemical  Notices  jrom  Foreign  Sources. 


Bulletin  de  la  Societe  Chimique  de  Paris. 

Series  3,  Vol.  iii.,  No.  g. 

Determination  of  Acetone  in  Methylic  Alcohol  and 
the  Methylenes  of  Denat  urisation.— Leo  Vignon.— The 
crude  methylic  spirit  used  for  rendering  ethylic  alcohols 


•  “  The  Hell-Gate  Explosion,  near  New  York,  and  so-called  1  Rack- 
arock,’  with  a  few  words  on  so-called  ‘  Panclastite,’  ”  by  H.  Sprengel, 
London  ;  E.  &  F.  N.  Spon,  1886. 


A  s  Clerk. — Advertiser  (21)  seeks  Engagement. 

Ta.  Four  years  in  present  situation,  Chemical  Apparatus  business  ; 
thorough  knowledge  of  Book-keeping,  Correspondence,  &c.,  &c. — 
B.  T.,  chemical  News  Office,  Boy  Court,  Ludgate  Hill,  London, 
E.C. 


'T'he  Chemist  to  a  well-known  North  of  Eng- 

land  Iron  and  Steel  Co.  desires  an  Engagement  in  Scotland  or 
the  West  of  England.  Has  had  considerable  experience  in  the 
works,  combined  with  a  thorough  chemical  training  in  the  laboratory 
of  an  eminent  County  Analyst.  —  Address,  “  Erimus,”  Chemical 
News  Office,  Boy  Court,  Ludgate  Hill,  London  E.C. 


Chemical  News,  1 
OiSt.  3,  1890.  ( 


The  River  Aire. 


167 


THE  RIVER  AIRE/ 

A  STUDY\lN^RLVER  Pni.T^iiAi  * 

By  T.  H.  EASTERFIELd^Mi^qflipIPL  WILSON,  M.D. 


The  following  paper  endeavours  by  a  series  of  analyses  to 
show  the  amount  and  probable  sources  of  the  pollution  of 
the  river  Aire,  from  its  origin  until  it  reaches  the  estuary 
of  the  Humber.  (It  had  been  proposed  to  treat  of  the 
Calder  also  in  this  communication  ;  we  reserve,  however, 
the  results  of  our  investigations  upon  this  river  for  publica¬ 
tion  at  another  time.)  In  the  autumn  of  1889  we  were 
engaged  in  a  similar  inquiry,  but  then  only  with  reference 
to  that  portion  of  the  Aire  which  lies  at  some  distance 
below  Leeds,  and  after  it  is  joined  by  the  river  Calder. 
The  fadts  then  ascertained  formed  the  basis  of  a  report  to 
the  Goole  Local  Board  by  one  of  the  authors  of  this 
memoir  (J.  M.  Wilson). 

On  previous  occasions,  in  dealing  with  the  question  of 
river  pollution  above  Leeds,  analyses  have  been  made, 
chiefly,  if  not  only,  of  such  contributory  streams,  or  becks, 
as  discharge  the  largest  amount  of  polluting  matter  into 
the  river.  These  inquiries  doubtless  served  the  purpose 
of  tracing  the  source  of  these  gross  pollutions,  but  gave 
little  or  no  idea  of  the  extent  to  which  the  whole  volume 
of  the  river  was  thereby  affedted.  Our  objedt  has  been  to 
supply  this  information. 

The  points  seledted  by  us,  in  taking  samples  for  analysis, 
have  been  chosen  with  reference  to  possible  pollutions 
from  large  centres  of  population  on  the  banks  of  the  river 
or  of  contributing  streams,  but  only  at  such  a  distance 
below  the  discharge  of  such  pollutions  that  their  average 
effedt  upon  the  river  could  be  properly  estimated. 

It  is  notorious  that  the  river  Aire  has  been,  and  is  still 
being,  polluted  with  every  kind  of  manufacturing  refuse 
and  with  domestic  sewage.  A  large  part  of  the  solid 
portion  of  these  polluting  matters  settles  in  the  bed  of 
the  river,  and  there  remains  during  the  ordinary  flow  of 
the  water.  The  result,  however,  of  a  heavy  or  long- 
continued  rain-fall  is  to  increase  enormously  the  volume 
of  the  stream,  scouring  out  the  upper  parts  of  the  river, 
and  sending  the  polluting  matters  nearer  the  outfall. 
This  adtion  may  be  a  partial  one,  only  affedting  a  few 
miles  of  the  river,  or  it  may  be  so  general  as  to  cause 
a  thorough  cleansing  of  the  river  bed.  In  each 
case  the  deposit  on  the  sides  and  bed  of  the  river  is 
carried  onwards  only  so  far  as  the  force  of  the  current 
permits  ;  in  the  one  case  the  solid  matter  again  settles, 
causing  a  large  increase  in  the  total  impurities  in  the 
lower  parts  of  the  river ;  in  the  other  case  the  mass  of  the 
impurities  is  carried  to  the  sea.  It  therefore  follows  that 
the  condition  of  the  water  at  any  given  point  cannot  be 
entirely  due  to  pollutions  poured  in  by  any  distridt  im¬ 
mediately  above  that  point;  rather  may  we  ascribe  this 
condition  to  local  influences,  together  with  impurities 
originating  nearer  the  source.  The  coating  of  the  river 
bed  is  also  broken  up  through  the  fermentation  of  the 
deposited  filth,  and  the  consequent  evolution  of  gas.  This 
adtion  is  especially  noticeable  below  Leeds,  and  is  one 
cause  of  the  offensive  odours  with  respedt  to  which  so 
many  complaints  have  justly  arisen.  The  same  cause 
may  also  to  some  extent  explain  the  fadt  that  the  amount 
of  suspended  solids  varies  somewhat  irregularly  in  the 
different  analyses. 

Since  the  present  paper  does  not  pretend  to  furnish  any- 
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thing  like  complete  and  exhaustive  analyses  of  the  samples 
of  water,  it  became  a  matter  of  importance  to  seledt 
which  of  the  impurities  present  should  be  estimated  in 
each  case.  After  careful  consideration  we  deeided  only 
to  have  regard  to  the  constituents  enumerated  upon  the 
wall  diagrams,  and  we  believe  that  the  results  there  pre¬ 
sented  give  a  very  fair  idea  of  the  condition  of  the  river. 
In  all  cases  we  have  stated  our  results  in  grains  per 
gallon  rather  than  in  parts  per  million,  believing  that 
results  so  stated  are  much  more  comprehensible  to  most 
Englishmen,  and  especially  to  those  with  whom  the  metric 
system  is  not  in  daily  use. 

In  any  investigation  of  river  pollution  it  is  necessary  to 
bear  in  mind  the  state  of  the  river  at  the  time  when  the 
research  was  being  carried  out ;  since  the  impurities  in 
the  watei  very  greatly  in  quality  and  quantity,  according 
as  the  season  is  wet  or  dry;  while,  further,  the  physio¬ 
graphy  of  the  river  basin  must,  at  the  same  time  be  con¬ 
sidered  ;  for,  clearly,  constituents,  which  in  one  case  are 
to  be  regarded  as  results  of  concomitants  to  pollution, 
may  in  other  cases  be  natural  to  the  water,  and  be  no 
sign  whatever  of  contamination  from  artificial  sources. 

In  connection  with  the  latter  consideration,  we  venture 
to  submit  to  you  a  concise  account  of  the  geology  of  the 
river  basin.  Malham  Tarn  itself  rests  upon  Cambrian 
states,  but  the  surrounding  fells,  from  which  it  no  doubt 
receives  its  chief  supplies  of  water,  consist  of  Yoredale 
shales,  capped  by  millstone  grit.  After  leaving  the  town, 
the  river  flows  about  one  mile  underground  through 
carboniferous  limestone,  until  it  emerges  at  Malham  Cove. 
It  then  passes  still  over  carboniferous  limestone  for  about 
another  two  miles,  when  t  reaches  the  outcrop  of  the 
Yoredale  shales,  through  wnich  it  runs  until  breaches 
Skipton.  From  this  point  the  river  directs  its  course  over 
millstone  grit,  succeeded  by  coal  measures,  until  at 
Castleford  it  is  joined  by  the  Calder,  and  is  now  some 
sixty  miles  fiom  its  source.  Here  it  enters  the  magnesian 
limestone  district,  through  which  it  makes  its  wav  for 
about  five  miles,  then  descends  for  about  sixteen  miles 
over  new  red  sandstone,  after  which  it  reaches  the  warp- 
land,  wheie  it  falls  into  the  Ouse.  It  will  be  noticed  that 
the  samples  of  water,  of  which  the  analyses  are  given, 
were  collected  on  two  separate  days,  August  5th  and  20th! 
The  reason  for  allowing  so  long  a  time  to  elapse  between 
the  collection  of  samples  was  that,  during  a  portion  of  this 
interval,  the  river  was  considerably  swollen  by  heavy  rains, 
and  it  would  have  served  no  useful  purpose  to  present 
analyses  of  the  river  when  in  such  an  abnormal  condition. 
The  first  effedt  of  a  flood  is,  no  doubt,  to  bring  down  ari 
increased  quantity  of  filth,  but  after  the  waters  have  sub¬ 
sided  the  river  is  found  to  be  purged  from  a  good  deal  of 
its  former  impurity  ;  hence,  in  the  second  series  of  analyses 
the  water  immediately  below  Shipley  was  found  to  be 
upon  the  whole  far  less  objectionable  than  in  the  first 
series,  though,  some  of  the  constituents  have  remained 
constant.  I  his  is  most  graphically  shown  in  the  series  of 
curves  presented  to  you.  Upon  these  curves  the  im¬ 
purities  are  quantitatively  represented  by  the  ordinates, 
while  the  abscissae  show  the  distance  from  the  source  of 
the  river  at  which  each  sample  was  taken. 

As  there  is  always  a  certain  amount  of  difficulty  in 
deciding  which  is  the  aCtual  source  of  a  river,  we  have 
considered  Malham  Cove  as  the  river  head,  because  here 
the  river  first  emerges  in  considerable  volume  from  the 
foot  of  the  rocks,  is  easily  accessible,  and  is  of  such  a 
state  of  purity  that  it  forms  a  very  convenient  standard 
of  comparison.  It  is  true  that,  even  here,  the  amount  of 
dissolved  solids  and  albumenoid  ammonia  is  considerable 
but  this  is  not  to  be  wondered  at  when  we  consider  that 
the  water  has  originally  flowed  from  peaty  fells,  and  then 
found  its  way  through  and  over  limestone  rocks  for  a  very 
considerable  time  before  its  emergence  at  Malharn 
Though  the  amount  of  suspended  matter  in  this  water  was 
too  small  for  estimation,  the  colour  of  the  water  was  dis¬ 
tinctly  brown  when  seen  even  in  small  bulk,  as  is  so  often 
the  case  with  waters  derived  from  peaty  and  moorland 
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Results  of  Analysis. 


Date. 

Suspended 

solids. 

Dissolved 

solids. 

Chlorine. 

Free 

ammonia. 

Organic 

ammonia. 

Oxygen 

required. 

Sulphuric 

acid. 

Malham  Cove 

August  18. 

O’O 

I5’5 

°"45 

O’O 

0-0066 

3-6 

0-4 

Gargrave 

)>  5- 

I'O 

iy5 

07 

o'oig6 

0-0154 

i-6 

i-8 

Skipton  . . 

n  5* 

1’5 

I7-5 

0-875 

0-035 

0-0182 

2-4 

3-i 

Above  Keighley 

n  5* 

x-o 

17 

0-9 

0021 

0-014 

21 

2-4 

Below  ,, 

5- 

2*0 

17 

ri 

0-0227 

0-0192 

2’2 

27 

Saltaire . . 

>.  5- 

i-5 

I7’5 

i-o 

0-028 

0-0175 

i-8 

Shipley  . .  . . 

M  5* 

T5 

27 

i-8 

0-0997 

0-0455 

6-8 

5-25 

Shipley  . . 

August  20. 

2*0 

21 

X‘2 

0-0297 

0-04375 

4’45 

5-25 

Kirkstall  . 

n  20. 

2*1 

25 

17 

0-1295 

0-0595 

5-5 

5-88 

Knostrop 

„  20. 

65 

30-5 

2’9 

°‘3535 

0-084 

5'9 

8-73 

Allerton  .  . . 

„  20. 

4’° 

3r5 

3‘4 

0-2905 

q 

6 

a 

to 

4"9 

9-99 

Aire  and  Calder 

„  20. 

7‘5 

25-5 

37 

0-231 

0-0472 

4-i 

6-59 

River  Ouse  . . 

,,  20. 

64 

17 

I‘2 

0-0875 

0-0245 

3-o 

4‘4 

sources.  This  accounts  for  the  enormous  reducing  power 
of  the  Malham  water  upon  permanganate,  the  water 
having  been  collected  at  a  later  date  than  the  other  samples, 
when  the  stream  was  swollen  with  brown  peaty  water 
from  the  fells. 

Coming  now  to  the  consideration  of  the  individual  re¬ 
sults  as  recorded  in  the  curves  and  diagrams,  we  notice 
that,  in  the  case  of  all  the  impurities,  a  gradual  rise  takes 
place  until  Skipton  is  reached,  but  that  a  slight  fall  takes 
place  in  the  water  taken  from  immediately  above  Keighley. 
This  is  easily  explained  by  the  fa<5t  that  the  Aire  between 
Skipton  and  Keighley  receives  a  considerable  volume  of 
clean  soft  water  from  the  millstone  grit.  At  Keighley 
the  Worth  Beck,  itself  a  foul  stream,  discharges  its  con¬ 
tents  into  the  river,  bringing  down  a  large  quantity  of 
trade  sewage,  and  one  is  surprised  that  its  influence  upon 
the  river  is  so  slight.  At  Saltaire  Park  the  water  is  nearly 
of  the  same  quality  as  at  Keighley,  but  in  nearly  all 
impurities  there  is  a  slight  reduction.  One  and  a  half 
miles  lower,  however,  the  river  has  received  the  effeCt  of 
the  Saltaire,  Shipley,  and  Bradford  districts,  and  it  is  here 
-that  for  the  first  time  the  river  assumes  that  objectionable 
aspedt  and  foul  smell  which  has  made  the  name  of  the 
Aire  a  bye-word  in  the  districts  through  which  it  passes. 
At  Shipley  the  first  series  of  analyses  ends.  In  respeCt  of 
most  of  the  foreign  constituents  the  second  sample  is 
decidedly  better  than  the  first ;  but  the  difference  in  the 
case  of  the  albumenoid  ammonia  is  but  small,  whilst  the 
sulphates  have  remained  constant.  The  river  was  about 
two  inches  higher  on  this  occasion  than  upon  the  first, 
but  was  considerably  lower  than  it  had  been  five  days 
previously.  In  every  case  there  is  a  marked  increase  in 
the  impurities  between  Shipley  and  Kirkstall  ;  but  from 
Kirkstall  to  half  a  mile  below  the  Leeds  Sewage  Works  at 
Knostrop,  the  rise  in  every  constituent  is  found  to  be  ex¬ 
cessive,  and  in  nearly  every  case  the  impurities  are  here 
found  to  be  at  a  maximum.  This  result  is  of  importance, 
and  scarcely  confirms  a  recent  statement,  “  that  the  river 
is  very  much  purer  when  it  leaves  Leeds  than  when  it 
enters  it.”  At  Allerton  the  sulphuric  acid  is  at  its  highest, 
while  the  suspended  solids  are  abnormally  low.  Below 
the  junction  of  the  Aire  and  Calder  the  suspended  solids 
have  again  risen,  and  a  small  increase  has  taken  place  in 
the  chlorides.  Thus,  it  will  be  noticed  that  with  the 
exception  of  suspended  solids,  chlorine,  and  sulphates, 
the  maximum  point  is  just  below  Leeds  ;  the  rise  in 
chlorine  and  sulphates  after  passing  Leeds  is,  we  believe, 
chiefly  due  to  chemical  works  on  the  river  bank,  and  to  a 
foul  beck  entering  the  river  at  Methley.  The  abnormal 
fall  in  the  suspended  matters  at  Allerton  is  to  us  inex¬ 
plicable,  for  the  sample  was  taken  by  one  of  us  ;  we  have, 
however,  no  reason  to  doubt  the  results  of  our  analyses. 
It  cannot  be  expected  that  the  curves  should  follow  one 
another  with  rhythmic  constancy.  Indeed,  if  it  were  so, 
this  paper  would  be  superfluous. 

The  figures  given  under  the  head  of  suspended  solids 
will)  we  think,  emphatically  support  the  generally  accepted 


view  that  the  warp — or  what  may  be  termed  the  only  non- 
objeCtionable  foreign  ingredient  in  the  river — is  not  the 
result  of  fluvial  denudation,  but  has  its  origin  in  marine 
aCtion  on  the  Yorkshire  coast  north  of  the  Humber, 
whence  it  is  carried  into  the  Ouse  and  Humber  by  the  tide. 
The  largest  amount  of  suspended  solids  in  the  river, 
before  it  was  influenced  by  tidal  aCtion,  was  7-5  grains  per 
gallon,  and  other  analyses  have  shown  that  other  York¬ 
shire  rivers  do  exceed  this,  while  in  the  Ouse,  near  Goole, 
there  were  64  grains  per  gallon  of  suspended  matter  at 
low  tide,  and  in  the  same  river  in  October,  1889,  during 
a  “  fresh  ”  and  at  flood  tide,  the  suspended  matter 
equalled  263  grains  per  gallon.  Comparing  now  the 
Leeds  and  Bradford  areas,  we  may  say  that  upon  August 
5th  the  water  after  leaving  Shipley  contained — 
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suspended  matter 
dissolved  solids 
chlorides 
free  ammonia 
organic  ammonia 
sulphates 


as  when  the  water  passed  from  Saltaire  Park  into  the 
Shipley  and  Bradford  district.  In  the  case  of  Leeds,  the 
water  below  Knostrop  sewage  outlet  on  August  20th  con¬ 
tained — 
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as  in  the  case  of  the  same  water  at  Kirkstall  Abbey.  We 
do  not,  however,  feel  able  to  aCt  as  judges  in  the  case  of 
Leeds  versus  Bradford.  Our  faCts  show  that  both  districts 
are  responsible  for  excessive  pollution. 

Our  results  may  be  summed  up  as  follows  : — (1)  That 
the  river,  originally  a  limpid  stream,  receives  pollution 
from  all  the  townships  on  its  banks  until  it  passes  Leeds, 
when  the  pollution  has  become  so  great  that  the  effeCt  of 
smaller  towns  below  it  becomes  inappreciable ;  (2)  that 
between  each  centre  of  population  the  river  appears  to 
cleanse  itself  to  a  small  extent  by  natural  causes  ;  (3)  that 
nearly  all  tne  impurities  rise  and  fall  simultaneously,  but 
not  in  the  same  proportion  ;  (4)  that  there  is  no  evidence 
that  the  “warp  ”  is  chiefly  brought  down  by  the  rivers, 
but  rather  that  it  is  brought  up  the  river  by  the  tide, 

If  we  consider  all  the  results  of  our  inquiry  from  a 
practical  aspeCt,  it  will  be  admitted  that  the  provisions  of 
the  Pollution  of  Rivers  ACt,  have  not  been,  and  are  not 
being,  much  enforced  in  the  water-shed  of  the  Aire.  Each 
gallon  of  the  filtered  water  taken  throughout  the  whole 
length  of  the  river  has  been  shown  to  contain  mineral 
and  organic  impurities  in  ever-increasing  amounts.  Even 
the  comparatively  minute  masses  of  the  impurities,  which 
we  have  shown  to  be  present  in  each  gallon  of  water 
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analysed,  must,  if  measured  by  the  daily  flow  of  many 
thousand  gallons  of  river  water,  represent  enormous 
quantities  of  waste  material,  which  might  perhaps  be 
more  profitably  utilised,  or  serve  some  other  end  than  that 
of  converting  the  natural  blessing  of  a  pure  stream  into 
the  doubtful  advantage  of  a  navigable  sewer. 


DETECTION  OF  IODINE  IN  THE 
PRESENCE  OF  CHLORINE. 

(Additional  Note). 

By  ALEX.  JOHNSTONE. 

After  the  iodine  has  been  liberated,  as  described  in  my 
previous  note  (see  Chemical  News,  vol.  Ixii. ,  p.  153),  by 
the  adtion  of  strong  H2S04,  the  minutest  trace  of  its  free 
presence  can  be  made  self-evident  by  at  once  pouring  into 
the  tube  a  drop  or  two  of  CS2,  when  the  well-known 
characteristic  change  to  pink  in  the  colour  of  the  latter 
will  result  from  its  absorption  of  the  iodine. 

Edinburgh  University. 


THE  DRY  ASSAY  OF  TIN  ORES.* 
Part  I. 

By  HEINRICH  O.  HOFFMANN, 
Assistant  Prolessor  of  Mining  and  Metallurgy. 

(Concluded  from  p.  159). 


(8).  The  effedt  of  potassium  carbonate  on  the  cyanide 
assay  was  tested  by  fusing  in  a  naked  crucible  5  grms.  of 
ore  with  30  grms.  of  potassium  cyanide,  to  which  had 
been  added  different  quantities  of  this  flux.  One-third  of 
the  flux  mixture  was  rammed  into  the  bottom  of  the 
crucible,  and  the  rest  mixed  with  the  ore,  except  a  small 
quantity  kept  to  be  used  as  a  cover.  The  average  time 
required  to  complete  the  assay  was  ten  minutes  from  the 
time  the  charge  began  to  fuse. 

Table  XIV. 


Charge. 

No.  of  , — - ' - > 

Assay.  Ore.  KCy.  K2COa.  Resulting  tin. 


Grms.  Grms. 

Grms. 

P.c.  in  mixt. 

Grms. 

Per  cent. 

62. 

5 

30 

3 

9-09 

3'325 

66-50 

63- 

5 

30 

6 

16  66 

3-300 

66-00 

64. 

5 

30 

9 

23-07 

3'275 

65’5o 

65. 

5 

30 

12 

28-57 

3-263 

65-26 

66. 

5 

30 

15 

33-33 

3'235 

64-70 

67. 

5 

30 

18 

37'5° 

3'23° 

64-60 

68. 

5 

30 

21 

4ri7 

3‘i90 

63-80 

The  charges 

behaved  during  the  fusion  just 

as  if  pure 

cyanide  had  been  used.  The  crucibles  remained  un¬ 
corroded.  On  breaking,  it  was  found  that  with  the  in¬ 
crease  of  potash  in  the  mixture  the  crucible  was  less 
soaked  with  cyanide  ;  in  the  last  assay,  with  41-17  per 
cent  potassium  carbonate,  the  bottom  was  blackened  only 
to  the  depth  of  |  inch.  The  top  of  the  slag  was,  in  all 
the  assays,  as  smooth  as  with  pure  cyanide.  The  colour 
had,  however,  changed  ;  with  small  quantities  of  potash, 
the  slag,  on  the  surface  as  well  as  on  the  fradture,  had  a 
bluish  tinge,  which  grew  deeper,  until,  in  the  last  assay, 
it  became  of  a  decided  blue-grey  colour.  The  structure 
of  the  slag  became  more  and  more  granular,  until  it  was 
so  coarse  as  to  have  the  appearance  of  granulated  sugar 
cemented  together.  Finally,  with  the  increase  of  potash 
the  lustre  of  the  slag  decreased,  while  at  the  same  time 
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it  grew  harder  and  tougher.  The  buttons  of  tin  obtained 
did  not  differ  in  appearance  from  those  with  pure  cyanide. 

In  Table  XIV.  two  points  are  striking:  first,  that  the 
amount  of  tin  obtained  grows  smaller  with  the  increase  of 
potassium  carbonate;  and,  secondly,  that  no  tin  is  re¬ 
covered  in  the  slags  or  in  the  crucible.  Both  fadts  are 
probably  due  to  the  same  cause,*  namely,  that  metallic 
tin  decomposes  alkali  carbonates,  forming  stannates 
which  are  not  readily  fusible.  In  fadt,  Berthierf  says: 
“  By  fusing  one  part  of  metallic  tin  with  four  or  five  parts 
of  potassium  carbonate,  a  substance  is  obtained  which  is 
liquid,  compadt,  opaque,  yellow  like  wax,  and  crystalline.” 
In  the  assays  given  in  the  table,  the  quantity  of  flux  was 
increased  in  proportion  to  the  percentage  of  potash  added. 
As  this  alone  might  have  had  a  bad  effedt  on  the  result, 
a  number  of  assays  were  made  in  which  the  percentage  of 
potash  was  the  same  as  in  Nos.  64  to  68,  the  total  amount 
of  flux,  however,  not  exceeding  30  grms.  They  were  all 
very  unsatisfadtory.  Over  fifteen  minutes  were  required 
for  the  fusion,  and  there  was  no  regularity  in  the  results. 
To  counteradt  this,  assays  were  made,  to  which  charcoal 
had  been  added  to  strengthen  somewhat  the  weakened 
adtion  of  the  diluted  fluxes,  placing,  however,  fluxes  free 
from  charcoal  in  the  bottom  of  the  crucibles.  The  buttons 
gave  higher  results,  but  the  irregularity  in  their  weights 
was  the  same  as  before.  It  would  appear,  therefore,  that 
the  potassium  cyanide  needs  to  be  pradtically  free  from 
potassium  carbonate;  9-09  per  cent  of  the  latter  showing 
already  a  loss  of  1-34  per  cent  in  the  result  obtained. 

(9).  The  effedt  of  sodium  carbonate  was  tried  in  the 
same  way.  Although  this  alkali  is  not  common  with 
potassium  cyanide,  it  was  thought  advisable  to  test  it,  as, 
when  potassium  cyanide  is  used  in  blowpipe  experiments, 
it  is  generally  mixed  with  an  equal  weight  of  sodium 
carbonate. 

The  mixtures  were  not  so  readily  fusible  as  the  corres¬ 
ponding  potassium  charges,  and  required  fifteen  minutes, 
instead  of  ten  as  before.  They  were,  however,  just  as 
thin  when  once  melted.  When  cold,  the  slags  were  similar 
to  the  potassium  slags,  only  more  vitreous  and  harder. 
The  bluish  grey  shades  of  colour  were  missing ;  the  slags 
were  white,  but  had  no  lustre  whatever ;  the  buttons  were, 
on  the  whole,  the  same  as  above,  but  showed  bead-like 
excrescences. 

Table  XV. 

Charge. 

No.  of  , - 1 - 

Assay.  Ore.  KCy.  Na2C03.  Resultirg  tin. 


Grms.  Grms, 

Grms. 

P.c.  in  mixt. 

Grms. 

Per  cent. 

69. 

5 

30 

3 

9-09 

3'3r5 

66-30 

70. 

5 

30 

6 

16-66 

3-280 

65-60 

7r- 

5 

30 

9 

23-07 

3-270 

65-40 

72. 

5 

30 

12 

28-57 

3-110 

62-20 

73- 

5 

30 

15 

33'33 

3-055 

6rio 

74- 

5 

30 

18 

37'5° 

3-025 

60-50 

75- 

5 

30 

21 

41-17 

2-910 

58-20 

Table  XV.,  it  will  be  seen,  contains  no  columns  for  tin 
in  slags  or  crucible,  and  the  percentage  of  tin  extradted 
is  smaller  than  with  the  potassium  salt,  the  inevitable 

Table  XVI. 


Charge. 


No.  of 
Assay. 

Ore. 

KCy. 

k2so4. 

Resulting  tin. 

Grms.  Grms. 

Grms. 

P.c.  in  mixt.  Grms. 

Per  cent. 

76. 

5 

30 

0-3 

0-99 

3-I85 

63-70 

77- 

5 

30 

o-6 

1-96 

No  button  No  button 

78. 

5 

30 

ro 

3-22 

3-060 

61-20 

79- 

5 

30 

2-0 

6-25 

2-525 

50-50 

80. 

5 

30 

3-o 

9-09 

2-490 

49-80 

81. 

5 

30 

4-o 

11-76 

2-435 

48-70 

82. 

5 

30 

5-o 

14-28 

2-250 

45-00 

*  Berthier,  “  Traite  des  Essais,”  1847,  vol.  ii.,  p.  459. 
t  Op.  cit.,  vol.  i.,  p,  445. 
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Table  XVII. 


No.  of 
assay. 

Granular 
purified. 
Resulting  tin. 

Grms. 

Per  cent 

83- 

3’225 

64-50 

84. 

3-225 

64-50 

85- 

3-100 

62  00 

Average  3-183 

63-66 

No.  of 
assay. 

Pure  for  gold 
platers. 
Resulting  tin. 

Grms. 

Per  cent. 

86. 

3370 

67-40 

87. 

3355 

67-10 

88. 

3340 

66-8o 

Average  3-355 

67-10 

Common 

No.  of 

fused. 

assay. 

Resulting  tin. 

Grms. 

Per  cent. 

89. 

3-220 

64-40 

90. 

2-ggo 

59-80 

91. 

2-905 

5810 

Average  3-038 

60-76 

No.  of 
assay. 

Common  for 
mining  purposes. 
Resulting  tin. 

Grms. 

Per  cent. 

92. 

3-II5 

62-30 

93- 

3-010 

60-20 

94. 

2*900 

58-00 

Average  3-008 

6o-i6 

conclusion  being  that  an  admixture  of  soda  has  a  still 
more  deleterious  effedt  on  the  result  than  one  of  potash. 

(10).  The  influence  of  potassium  sulphate  is  a  very  bad 
one.  Bloxam*  states  that,  in  the  presence  of  potassium 
sulphate,  stannous  and  stannic  sulphides  are  formed  ;  the 
former  if  the  proportion  of  sulphate  be  small,  the  latter  if 
sufficiently  large,  the  stannous  sulphide  remaining  un¬ 
dissolved  as  a  black  powder  if  the  slag  be  treated  with 
water,  the  stannic  sulphide  going  into  solution,  and  being 
precipitated  as  yellow  sulphide  upon  acidulating. 

In  the  experiments,  different  amounts  of  potassium 
sulphate  were  added  to  30  grms.  of  potassium  cyanide, 
and  two-thirds  of  the  new  flux  mixed  with  the  ore,  one- 
third  being  placed  in  the  bottom  of  the  naked  crucible. 
The  time  required  for  tranquil  fusion  was  ten  minutes. 

The  charges  fused  readily,  and  the  crucibles  were  not 
attacked;  the  surface  of  all  the  slags  was  smooth,  the 
colour  deepening  with  the  percentage  of  potassium  sul¬ 
phate  from  light  red,  with  a  dark  rim,  to  black.  The 
iradure  was  at  first  similar  to  that  of  pure  cyanide,  and 
grew  finer  until  it  became  stony;  the  colour,  at  first  very 
light  peach  blossom,  became  darker,  till  it  reached,  with 
the  last  assay,  a  dark  flesh-colour.  The  hardness  and 
toughness  of  the  slags  also  increased  with  the  percentage 
of  potassium  sulphate. 

The  results  obtained  show  a  gradual  decrease  in  the 
percentage  of  tin.  One  per  cent  of  potassium  sulphate 
causes  already  a  loss  of  4-14  per  cent  tin.  In  assay  No. 
76  some  stannous  sulphide  was  present ;  it  decreased  in 
No.  77,  and  was  absent  in  No.  78,  which,  when  acidulated, 
gave  a  copious  precipitate  of  stannic  sulphide.  The 
deleterious  influence  of  potassium  sulphate,  which  was 
first  shown  by  Bloxam,  is  thus  verified  by  a  series  of 
systematic  figures. 

(nj.  Various  grades  of  the  commercial  potassium 
cyanide  were  obtained  and  tested.  The  grade  of  the 
cyanide  can  be  judged  from  its  general  appearance,  the 
pure  being  coarsely  crystalline,  soft,  and  snow-white. 
The  lowest  grade — “  or  mining  purposes  ” — is  reached 
when  the  structure  becomes  stony,  and  strongly  resists 
pulverisation ;  the  colour  is  a  decided  grey,  resulting 
from  finely  divided  iron. 

In  each  experiment  20  grms.  of  the  special  brand  of 
cyanide  were  mixed  with  5  grms.  of  ore,  5  grms.  being  re¬ 
served  for  the  bottom  of  the  crucible,  and  5  grms.  for  a 
cover.  The  average  time  required  for  tranquil  fusion  was 
ten  minutes. 

a.  “Granular  Purified” — 86  to  go  per  cent  KCy,  with 
some  KOCy  and  K2C03 — 1-25  dollars  per  pound. 

The  upper  slag  did  not  have  the  beautiful  crystalline 
structure  nor  the  strong  lustre  of  the  pure  cyanide.  It 
was  white,  but  showed  a  bluish  tinge  near  the  top.  The 
average  result  is  4-18  per  cent  too  low,  and  the  greatest 
discrepancy  between  the  single  results  is  2-50  per  cent. 

b.  “  Pure  for  Gold  Platers  ” — 92  per  cent  KCy,  5  per 
cent  KOCy,  and  3  per  cent  other  salts — 1-25  dollars  pet- 
pound. 

The  general  characteristics  are  the  same  as  those  of 
Nos.  83  to  85,  but  the  results  are  higher  and  more 
niform. 

c.  “  Common  Fused  ”—85  per  cent  KCy— 0-55  dollar 
per  pound. 

•  Journal  of  the  Chemical  Society,  New  Series,  1865,  vol.  iii.,  p.  97. 


The  upper  slag  has  a  stony  fracture,  and  is  of  a  dull 
white  colour.  The  results  are  very  low  and  very 
irregular. 

d.  “  Common  for  Mining  Purposes  ” — 65  per  cent  KCy 
— 0-50  dollar  per  pound. 

The  surface  of  the  slag  is  smooth,  has  a  dark  blue 
colour  with  grey  and  yellow  streaks  passing  through  it. 
The  fracture  is  stony,  the  slag  is  hard  and  tough,  and  is 
flesh-coloured.  The  results  are  as  bad  as  those  from  Nos. 
89  to  gi. 

It  will  be  seen  that,  of  the  different  grades,  only  the 
brand  “  Pure  for  Gold  Platers  ”  produces  results — 0-74 
per  cent  too  low — which  are  sufficiently  accurate  for 
every-day  purposes.  As  these  brands  represent  each  a 
certain  definite  grade  of  a  particular  firm,  it  will  be  seen 
that  the  assayer  is  obliged  to  test  each  separately,  making 
the  ordinary  chemically  pure  potassium  cyanide — 98  per 
cent  KCy  and  2  per  cent  KOCy — his  standard. 
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7.  The  Relation  of  Ammonia  to  Cyanogen  and  the  Con¬ 
ditions  which  Determine  the  Formation  of  One  or  the 
Other. — The  production  of  ammonia  by  bringing  together 
at  a  high  temperature  carbon,  air  or  nitrogen,  steam,  and 
a  basic  substance  has  long  been  known.  The  history  of 
the  subject,  although  closely  related  in  many  respects  to 
the  question  in  hand,  has  been  omitted  in  this  discussion 
for  want  of  time.  It  is,  however,  difficult  to  separate  two 
questions  which  deal,  in  a  certain  sense,  with  different 
phases  of  the  same  reaction.  If  any  definite  conclusion 
can  be  drawn  from  the  results  of  industrial  experiments  it 
is  that  higher  temperatures  favour  the  production  of 
cyanides  and  lower  temperatures,  of  ammonia,  with  the 
addition  also  that  vapour  of  water  in  excess  is  certainly 
unfavourable  to  the  productions  of  cyanides  but  probably 
favourable  to  the  production  of  ammonia.  It  is  possible 
even  that,  for  a  temperature  sufficiently  high,  supposing 
that  it  could  be  maintained  against  the  cooling  effect 
involved  in  the  decomposition  of  water  by  hot  carbon,  the 
proportion  of  water  above  or  below  a  given  limit  might 
be  the  condition  determining  the  production  of  ammonia 
in  one  case  or  cyanides  in  the  other.  It  is  difficult  in  the 
present  state  of  our  knowledge  upon  the  subject  to  men¬ 
tion  any  conditions,  other  than  variation  in  temperature 
and  variation  in  quantity  of  water,  which  can  account  for 
the  production  at  one  time  of  ammonia  and  at  another  of 
cyanides  in  a  furnace  using  in  both  cases  precisely  similar 
materials.  The  belief  of  Berzelius,  Wohler,  Bromeis,and 
others  {ante),  that  formation  of  ammonia  was  the  pre¬ 
liminary  stage  in  the  synthesis  of  cyanides  and  that  water 
acted  as  an  intermediary,  accords  with  this  view.  An 

*  Journal  of  the  American  Chemical  Society,  vol.  xi.,  Nos.  1—2. 

|  The  substance  of  this  article  was  prepared  as  an  appendix  to  a 
commercial  report,  but  has  not  been  printed  heretofore  in  any 
scientific  journal. — A,  A.  B, 
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excess  of  water,  both  by  lowering  the  temperature  and  by 
impeding  contadb  of  nitrogen  and  carbon,  would  retard  the 
formation  of  cyanides  and  proportionally  increase  the 
ammonia. 

The  extraordinary  permanence  of  ammonium  cyanide, 
in  comparison  with  other  ammonium  salts,  at  high  tem¬ 
peratures  {ante),  taken  in  connection  with  the  fad  that 
ammonia  by  itself  is  dissociated  at  high  temperatures, 
may  indicate  that  at  very  high  temperatures  ammonia 
can  resist  dissociation  only  in  presence  of  a  more  refrac¬ 
tory  substance,  hydrocyanic  acid,  with  which  it  can  com¬ 
bine.  Ammonia  in  contad  with  coal,  at  a  very  high 
temperature,  forms  ammonium  cyanide  [ante).  This  may 
be  taken  to  mean  that  ammonia  is  more  unstable  in 
presence  of  hot  carbon  at  that  temperature  than  when 
merely  heated  alone,  and  that  the  portion  first  decom¬ 
posed  forms  hydrocyanic  acid,  which  unites  at  once  with 
a  portion  of  ammonia  not  yet  decomposed  (because  not 
yet  in  contad  with  carbon),  and  thus,  in  forming  the 
stable  compound  ammonium  cyanide,  the  ammonia  is 
proteded  from  dissociation  or  chemical  decomposition. 
But  if  ammonia  is  decomposed  at  these  temperatures  it  is 
unlikely  that  it  can  form  under  the  same  condition,  while 
it  is  evident  that  cyanogen  not  only  can  but  does  form. 
We  are  led  then  to  the  hypothesis  that,  other  conditions 
remaining  unchanged,  temperature  is  an  important,  if  not 
the  leading  condition,  which  determines  the  produdion, 
respedively,  of  ammonia  or  cyanogen. 

With  resped  to  water  as  a  determining  cause,  it  may 
now  be  said  that  while  an  excess  of  water  probably  tends 
more  and  more  to  oxidise  or  otherwise  decompose 
cyanogen*  as  fast  as  it  is  formed  at  very  high  temperature 
its  influence  would  be  merely  mechanical  in  retarding  the 
formation  of  ammonia  at  a  temperature  somewhat  lower. 
When  the  temperature  is  sufficiently  high  to  enable  carbon 
to  decompose  water  one  of  the  products  of  decomposition 
(CO)  is  without  influence  upon  the  formation  of  ammonia, 
while  the  other,  hydrogen,  is  in  the  nascent  state  and 
therefore  in  the  condition  most  favourable  for  union  with 
nitrogen  irrespedive  of  the  presence  of  carbon.  If  water 
were  in  a  state  of  dissociation  due  to  heat  alone,  oxygen 
coming  from  water  could  not,  under  those  conditions,  ad 
upon  ammonia,  since  it  could  unite  neither  with  hydrogen 
or  nitrogen.  The  case  may  be  stated  as  follows:  — 

a.  Ammonia  is  not  permanent  at  very  high  temperature, 
except  in  combination  with  cyanogen,  but  is  permanent  at 
somewhat  lower  temperatures,  still  above  a  red  heat.  It 
is  not  decomposed  by  water  at  any  temperature,  but  at 
certain  temperatures  its  formation  will  be  favoured  by  the 
very  conditions  that  make  water  an  unstable  compound, 
i.e. ,  high  temperature  and  presence  of  carbon. 

b.  Cyanogen  is  permanent  at  very  high  temperatures 
with  or  without  presence  of  ammonia.  Cyanides  are 
probably  decomposed  by  water  in  excess  at  very  high 
temperatures. 

Finally,  the  presence  of  water  in  moderate  quantity  at 
certain  elevated  temperatures  may  favour  the  produdion 
of  cyanides  by  permitting  a  certain  formation  of  ammonia, 
which  is  then  converted  into  cyanides,  the  temperature 
being  lower  on  the  whole  than  that  required  for  the  forma¬ 
tion  of  cyanogen  without  water.  Here  ammonia  clearly 
ads  as  an  intermediary,  but  the  temperature,  being  above 
a  certain  limit,  favours  the  produdion  of  cyanides  rather 
than  ammonia  as  the  final  produd.  At  a  slightly  lower 
temperature — still,  however,  above  the  point  at  which 
water  is  decomposed  by  carbon- — ammonia  would  form 
in  preference  to  cyanides  and  in  greater  quantity  ;  with 
an  excess  of  steam  ammonia  would  be  the  sole  produd. 
This  may  suggest  the  possibility  of  working  a  furnace  in¬ 
termittently  with  changes  of  temperature  for  the  produc¬ 
tion  in  succession  of  cyanogen  and  ammonia,  or,  what  is 
the  same  in  principle,  the  working  of  two  furnaces  in 


*  Karmrodt  found  that  steam  passed  over  hot  potassium  cyanide 
caused  evolution  of  ammonia  and  the  heated  residue  no  longer  con¬ 
tained  cyanogen, 
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conjundion,  one  to  produce  ammonia  and  the  other  to 
convert  this  ammonia  into  cyanides. 

8.  The  Influence  of  Other  Gases  upon  the  Absorption 
of  Nitrogen  by  Carbon.— The  influence  of  carbon 
monoxide  and  carbon  dioxide  cannot  be  definitely  stated. 
Bramwell  expressed  a  preference  for  the  latter  in  his 
cyanogen  retorts,  along  with  nitrogen,  but  it  is  hard  to 
find  any  reason  in  theory  for  this  preference,  since  the 
higher  oxide  of  carbon  is  always  reduced  to  the  lower  in 
presence  of  hot  carbon,  and  must  be  so  changed  in  the 
cyanogen  furnace.  As  it  is  therefore,  an  oxidising  agent, 
it  should  in  theory  be  more  objedionable  than  carbon 
monoxide.  It  is  more  probable  that  foreign  gases,  pro¬ 
vided  they  have  no  oxidising  charader,  merely  impede  the 
access  of  nitrogen  to  carbon  and  only  ad  mechanically  to 
retard  the  union  of  carbon  and  nitrogen. 

It  may  perhaps  be  expeded  that  the  above  theory  should 
also  explain  why  cyanogen  is  not  formed  in  a  coal  fire 
by  simple  union  of  carbon  and  nitrogen.  In  the  first  place 
it  has  never  been  definitely  settled  that  it  does  not.  Many 
authorities  (Binks,  R.  Wagner,  Brunquill)  have  held  with 
greater  or  less  force  to  the  belief  that  it  does,  or  at  least 
that  it  may  so  form  under  certain  conditions.  That  it 
does  not  form  readily  or  abundantly  must,  however,  be 
conceded.  Again,  the  instability  of  cyanogen  itself  may 
be  such,  under  the  conditions  of  an  ordinary  fire,  that  it 
is  decomposed  as  fast  as  formed,  and  its  instant  fixation 
by  combination  may  be  essential  to  its  formation  in 
appreciable  quantities.  The  effed  of  fire  gases,  carbon 
dioxide  or  monoxide,  sulphur  dioxide,  &c.,  upon  free 
cyanogen  has  never  been  investigated,  although  severa 
of  the  authorities  already  quoted  have,  from  their  own 
experience  in  the  synthesis  of  cyanides,  indicated  a  belief 
in  the  influence  of  one  or  other  of  these  gases  upon  the 
process  (ante). 

9.  The  Influence  of  Hydrocarbons  in  the  Preparation  of 
Cyanogen  or  Ammonia.—  If  hydrocarbon  gases  or  vapours 
of  heavy  hydrocarbons  were  brought  into  a  furnace  con¬ 
taining  the  materials  for  produdion  of  cyanides  or 
ammonia,  namely,  hot  coal,  nitrogen,  water  in  greater  or 
less  quantity,  and  an  alkali  or  other  basic  substance,  the 
result  would  be  a  partial  decomposition  or  dissociation  in 
which  carbon  and  hydrogen  would  be  set  free,  and  fixed 
gases  having  the  composition  of  the  lower  paraffines  or 
olefines  would  remain.  Heavy  hydrocarbons,  oils  like 
crude  petroleum,  might  be  used  in  part  to  supply  the 
carbon  necessary  to  the  readion  ;  being  in  a  condition  of 
most  minute  subdivision  as  set  free  from  combination,  it 
would  be  most  suitable  for  rapid  combination.  It  is 
possible  also  that  hydrogen  liberated  at  the  same  time 
and  in  the  nascent  state  would  be  better  adapted  to  the 
synthesis  of  ammonia  than  at  any  other  time,  and  further, 
this  hydrogen  would  be  obtained  at  less  expenditure  of  heat 
than  hydrogen  from  decomposition  of  water  by  carbon. 
The  condition  of  a  furnace  fed  with  hydrocarbon  vapours 
would  resemble  to  a  great  extent  the  smoky  gas  flames  of 
Levoir  and  Romily  (ante),  in  which  ammonium  cyanide 
was  produced  even  without  the  intervention  of  a  base 
other  than  ammonia. 

10.  The  Influence  of  Pressure. — The  data  derived  from 
experiment  on  the  large  scale  give  little  information  upon 
this  point.  Newton  remarks  (ante)  that  the  production 
of  cyanides  is  improved  by  a  certain  pressure  and  by 
friction  between  the  solids  and  gases  of  the  furnace,  but 
this  remark  applies  to  very  low  pressures  such  as  depend 
merely  upon  fridtion  in  retarding  the  gases  as  they  are 
drawn  or  forced  through  the  alkalised  charcoal  by  a  pump. 
There  is  no  evidence  of  systematic  use  of  high  pressures 
exceeding  one  atmosphere  for  example,  and  the  furnaces 
thus  far  designed  for  making  cyanides  or  ammonia  are 
none  of  them  adapted  to  the  use  of  pressure.  It  is  possible 
that  the  necessary  reaction  would  be  much  assisted  by 
pressure.  There  is  every  analogy  indeed  to  favour  this 
view.  Combustion  in  compressed  air  or  oxygen  is  more 
rapid  than  at  normal  pressure;  and  the  union  of  nitrogen 
and  cat  bon  should  be  also  accelerated.  More  of  the 
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unlike  particles  are  brought  in  contact  in  a  given  time, 
and  the  opportunities  for  combination  being  multiplied 
combination  should  occur  in  the  same  proportion.  More¬ 
over  the  heat  lost  in  expansion  of  gases  is  lessened  and 
the  temperature  within  the  furnace  should  be  more  readily 
maintained. 

If  it  were  possible  to  maintain  a  pressure  of  several 
atmospheres  within  a  furnace  while  the  gaseous  contents 
of  the  furnace  were  continually  supplied  and  discharged, 
there  is  every  reason  to  believe  that  the  furnace  would  be 
more  economical  and  more  effective  in  the  production  of 
cyanides  or  ammonia. 

Summary. 

The  present  aspect  of  the  question  may  be  summarised 
as  follows : — 

The  manufacture  of  cyanides  and  ammonia  from  the 
nitrogen  of  the  air,  while  quite  possible  on  the  small 
scale,  is  beset  with  difficulties  in  its  economical  and 
commercial  application,  which,  up  to  this  time,  have  been 
insurmountable.  These  difficulties  are  probably  matters 
relating  mainly  to  construction  and  to  endurance  of 
materials. 

At  the  same  time  there  is  still  much  uncertainty  in 
regard  to  the  chemical  and  physical  conditions  most 
favourable  to  the  fixation  of  nitrogen. 

The  following  conclusions  are  the  result  of  the  foregoing 
inquiry  : — 

1.  The  temperature  necessary  for  formation  of  cyanogen 
may  be  lower  than  at  first  supposed,  but  certainly  not 
below  a  high  red  heat.  For  ammonia  a  low  red  heat  is 
sufficient. 

2.  The  presence  of  free  oxygen  is  deleterious  in  all 
cases. 

3.  Water  in  very  small  quantities  is  not  prejudicial 
to  production  of  cyanogen,  and  an  excess  is  probably 
necessary  in  the  synthesis  of  ammonia. 

4.  The  long-continued  contact  of  carbon  and  nitrogen 
is  of  less  importance  than  thorough  commingling  of  all 
reading  materials. 

5.  The  piesence  ofa  strong  base  is  essential,  but  under 
certain  conditions  ammonia,  produced  synthetically,  may 
serve  the  purpose  of  a  base  and  effed  the  synthesis  of 
ammonium  cyanide. 

6.  Alkaline  bases  are  preferable,  potash  especially,  and 
because  of  the  intermediate  adion  of  metallic  potassium 
which  is  reduced  at  a  lower  temperature  than  sodium. 
Baryta  is  the  best  of  the  alkaline  earths  for  the  purpose. 

7.  Ammonia  and  cyanogen  are  probably  formed  under 
conditions  differing  in  resped  to  temperature  and  moisture, 
but  otherwise  similar,  as  already  indicated.  (2.) 

8.  The  presence  of  carbonic  oxide  and  of  reducing  gases 
in  general  is  probably  favourable,  while  oxygen,  carbonic 
acid,  and  steam  in  excess  (the  latter  only  in  the  case  of 
cyanogen)  are  probably  injurious.  Nothing  is  known  as 
to  the  influence  of  sulphurous  acid  or  hydrogen  sulphide, 
but  they  are  probably  undesirable. 

9.  The  presence  of  hydrocarbon  vapours  is  favourable, 
and  may,  under  certain  conditions,  permit  the  formation 
of  both  cyanogen  and  ammonia  without  the  presence  of  a 
base. 

10.  There  are  no  dired  data  for  estimating  the  influence 
of  pressure  upon  the  readions  in  question.  The  applica- 

ion  of  pressure  is  at  least  worthy  of  trial. 

Discussion. 

Dr.  Waller  said  that  the  so-called  “  catalytic  adion  ” 
afforded  no  explanation  of  the  effed  of  certain  elements 
in  the  cyanogen  forming  process,  and  mentioned  the 
apparent  inducements  offered  for  the  produdion  of  a  salt 
by  the  presence  of  a  base,  as,  for  instance,  the  formation  of 
calcium  chiomate  by  heating  chrome  iron  ore  with  lime. 

Dr.  Alsberg  called  attention  to  the  fad  that  addition  of 
lime  would  in  some  cases  contribute  merely  physical 
conditions  which  would  aid  in  the  readion,  such  as 
porosity,  infusibility,  & c.  Also  that  frequently  in  such 


instances  of  so-called  catalytic  adion  the  temperature  of 
formation  and  of  dissociation  of  the  new  compound  are  so 
nearly  the  same  that  unless  a  base  is  present  to  unite 
with  and  retain  it,  as  a  salt  not  dissociated  at  that 
temperature,  no  readion  results.  He  expressed  it  as  his 
opinion  that  not  even  a  momentary  formation  of  such 
compounds  takes  place  under  such  temperature  conditions 
unles  in  the  presence  of  a  base  to  retain  them.  The 
addition  of  iron  in  the  cyanogen  process  has  something 
to  do  with  its  success — as  in  the  Castner  sodium  process. 

Dr.  Doremus  referred  to  the  produdion  of  oxygen  from 
KCIO3  and  Mn02,  and  to  a  paper  published  in  the 
Chemical  News  intended  to  show  the  existence  of  a 
number  of  definite  successive  readions  between  these 
substances.  Experiments  made  with  indifferent  sub¬ 
stances — e  g.,  sand — substituted  for  Mn02)  gave  dissimilar 
results. 

Mr.  Sabin — The  escape  of  nitrogen  as  ammonia  in  the 
old  prussiate  process  may  be  very  great  if  the  manage¬ 
ment  is  unskilful.  A  cyanide  is  first  formed,  and  then, 
at  a  higher  temperature  or  on  prolonged  heating,  ammonia 
is  produced.  1  believe  that  in  a  properly  construded  and 
continuously  ading  furnace  all  of  the  nitrogen  of  leather 
scrap  could  be  converted  into  ammonia  in  presence  of 
caustic  soda  and  moisture,  although  the  process  might  not 
be  economical.  I  doubt  whether  any  cyanide  manufac¬ 
turers  in  this  country,  with  one  exception,  are  making  a 
paying  business  of  it,  as  such  large  quantities  of  cyanides 
and  ferrocyanides  are  imported.  The  exception,  a  firm 
in  Newark,  are  using  an  improved  pear-shaped  retort 
heated  only  at  the  central  wide  portion. 

Dr.  Alsberg — We  are  on  the  eve  of  a  complete  revolu¬ 
tion  in  prussiate  processes ;  cyanides  and  ferrocyanides 
are  manufadured  in  Germany  from  gas  purifer  waste  in 
such  quantities  as  to  have  reduced  the  price  25  per  cent. 
The  process  of  making  cyanides  from  sulphocyanides  is 
not  easy  because  of  difficulty  of  eliminating  sulphur. 
The  only  pradical  process  at  present  is  by  heating  sulpho¬ 
cyanides  and  finely  divided  iron  under  pressure  at  120 — 
140°  C.,  whereby  ferrocyanide  and  ferrous  sulphide  are 
formed.  It  is  also  stated  that  if  a  sulphocyanide  and 
ferrous  sulphate  are  mixed  and  exposed  to  air,  that  sulphur 
is  gradually  taken  up  in  presence  of  free  alkali,  but  it 
seems  somewhat  doubtful.  The  old  method  of  making 
cyanides  will  have  to  be  abandoned  for  cheaper  methods. 
Sodium  ferrocyanide  is  now  made  in  large  quantities  to 
replace  potassium  ferrocyanide  using  gas  house  wastes 
and  commercial  soda-ash.  More  of  sodium  bichromate  is 
used  in  dyeing  and  calico  printing  than  of  potassium 
bichromate,  but  certain  colours,  it  is  claimed,  will  not 
permit  of  this  substitution. 

Dr.  Doremus  said  the  Wilkinson  process  for  manufac¬ 
turing  wood  gas  produced  little  cyanogen  and  no  ammonia; 
in  fad;  he  had  never  heard  of  either  as  impurities  requiring 
any  attention. 

Prof.  Breneman— The  formation  of  ammonia  by  an 
ordinary  coal  fire  may  not  be  impossible.  In  the  gas 
retort  the  amount  of  ammonia  and  cyanides  produced  is 
very  large,  possibly  larger  than  that  due  to  the  nitrogen 
in  the  coal  alone,  although  the  access  of  atmospheric 
nitrogen,  through  leakage  and  attime  of  charging,  cannot 
be  very  free. 

Note. — In  regard  to  the  question  of  adion  by 
presence  or  predisposing  affinity,  the  case,  in  its  stridest 
sense,  is  inconceivable.  It  involves  adion  jor  a  purpose 
by  inanimate  things.  Also,  the  supposition  that  adion 
of  a  certain  kind  cannot  take  place,  even  momentarily, 
under  conditions  in  which  decomposition  also  occurs,  is  a 
necessity  only  in  theory.  It  presupposes  that  every  newly 
formed  molecule  is  instantly  solicited  by  all  of  the  condi¬ 
tions,  chemical  and  physical,  that  affed  the  mass, 
whereas  in  a  reading  mass  of  solids  (less  so  in  the  case  of 
liquids  or  gases,  although  still  existing)  there  are  difficulties 
in  the  way  of  instant  diffusion  of  all  conditions.  Heat 
may  be  locally  increased  or  decreased  momentarily  by 
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chemical  aCtion,  and  vice  versa,  and  these  changes  may 
favour  the  local  formation  of  products  which  are  instantly 
fixed  by  aCtive  substances  present  in  excess,  and  has  been 
already  explained  (ante). — A.  A.  B. 


DETERMINATION  OF  LITHIA  IN  MINERAL 

WATERS  * 

By  E.  WALLER,  Ph.D. 

Practically  three  methods  are  now  available,  (i)  The 
phosphate  method  (Mayer’s  modification)  (Ann.  Chetn.  u. 
Pharm.,  xcviii.,  193).  (2)  The  amyl  alcohol  method 

(Gooch,  Am.  Chem.  your.,  ix.,  33).  (3)  The  fluoride 

method  (Carnot,  Bull.  Soc.  Chim.  [3] ,  i.,  280). 

Rammelsberg’s  method  (Pogg.  Ann.,  lxvi.,  79),  some¬ 
what  similar  in  principle  to  that  of  Gooch,  in  that  it 
depends  upon  the  comparatively  greater  solubility  of 
lithium  chloride  in  an  organic  solvent,  has  been  compara¬ 
tively  little  used,  on  account  of  the  difficulty  and  expense 
involved  in  obtaining  the  pure  anhydrous  alcohol  and 
ether  necessary  for  the  process.  Moreover  the  experi¬ 
ments  of  J.  L.  Smith  (Am.  your.  Sci.,  [2],  xvi.,  56),  re¬ 
arranged  in  convenient  form  for  reference  by  Gooch 
(1 loc .  cit.),  do  not  indicate  that  it  is  very  satisfadory  in  its 
application,  even  with  the  best  of  care.  Some  indired 
processes,  such  as  the  weighing  of  mixed  chlorides  of 
sodium,  potassium,  and  lithium,  and  then  determining 
the  chlorine  and  potassium  (Bunsen,  Ann.  Chem.  u. 
Pharm.,  cxxii.,  348),  have  been  also  proposed,  but  they  are 
troublesome  in  execution  and  likely  to  be  unsatisfadory 
in  result. 

For  all  of  these  processes  it  is  necessary  to  obtain  from 
some  known  quantity  of  the  water  the  alkalies  as  chlorides 
free  from  admixture  with  other  bases,  and  in  most  cases 
a  considerable  proportion  of  the  sodium  and  potassium 
salts,  which  usually  predominate  largely  over  those  of 
lithium,  must  be  removed.  To  accomplish  this  the  usual 
method  may  be  followed,  acidification  with  hydrochloric 
acid,  evaporation,  treatment  with  barium  hydrate  solu¬ 
tion,  removal  of  the  excess  of  baryta  by  ammonium  car¬ 
bonate,  driving  off  the  ammonium  salts,  and  extradion 
with  alcohol  or  alcohol  and  ether  to  take  out  the  lithium 
chloride,  which  is  inevitably  accompanied  by  some  sodium 
and  potassium  chlorides.  Throughout  this  treatment  the 
spedroscope  must  constantly  be  used  to  determine  when 
the  extradion  or  washing  is  complete,  and  these  pre¬ 
liminary  operations  often  prove  very  tedious.  Some 
suggestions  in  this  connedion  may  be  of  value.  The 
small  platinum  wires  used  to  test  the  precipitates,  solu¬ 
tions,  &c.,  need  critical  examination.  A  wire  which  has 
been  once  used  with  lithium  salts  may  perhaps  be  held  in 
the  flame  until  it  will  give  no  trace  of  colour  to  the  flame, 
nor  show  the  lithium  line  by  the  spedroscope,  but  on 
moistening  with  hydrochloric  acid  and  inserting  in  the 
flame  the  line  will  show  almost  as  brightly  and  distindly 
as  if  no  lithium  had  been  removed  from  it.  Repeated 
scouring,  immersion  in  acid  and  insertion  in  the  flame,  or 
long  soaking  in  acid  may  be  necessary  to  remove  this 
trace  of  lithium  from  the  wires.  It  has  been  found  con¬ 
venient  to  keep  several  wires  dipping  into  a  test-tube 
partially  filled  with  dilute  hydrochloric  acid,  and  to  use 
them  in  succession,  so  that  each  wire  shall  have  a 
tolerably  long  immersion  in  the  acid,  before  being  tested 
again,  as  a  preliminary  to  using  it  for  a  test  on  a  precipi¬ 
tate,  &c. 

Barium  precipitates  (BaC03  and  BaS04),  when  formed 
in  the  presence  of  lithium  compounds,  carry  down  and 
retain  perceptible  quantities  of  lithia  (by  spedroscope 
test)  with  great  persistency.  The  well-known  tendency 
of  the  barium  sulphate  to  drag  other  salts  with  it  seems  to 
be  greater  in  the  case  of  litha  than  in  that  of  other  alka- 
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line  salts,  although  this  may  perhaps  be  due  to  the  ex¬ 
ceeding  delicacy  of  the  spedroscopic  readion.  Precipi¬ 
tation  in  a  rather  dilute  solution  and  rather  liberal 
washing  is  usually  the  most  convenient  course  to  pursue 
in  the  case  of  the  precipitation  of  BaS04  in  presence  of 
lithium  salts.  With  BaC03  a  re-solution  in  HC1  and  re¬ 
precipitation  with  ammonia  and  ammonium  carbonate  is 
most  effedive.  If  the  proportion  of  lithium  is  large,  re¬ 
solution  and  re  precipitation  a  third  time  may  be  ad¬ 
visable.  The  precipitate  produced  by  barium  hydrate, 
unless  consisting  largely  of  sulphate,  does  not  give  so 
much  difficulty  in  the  washing  out  of  the  lithia,  except 
when  it  has  been  exposed  for  some  time  to  the  air  of  the 
laboratory  containing  C02. 

A  word  further  as  to  the  decomposition  of  LiClbyheat. 
Dired  quantitative  estimations  upon  the  subjed  were  not 
made  in  this  investigation,  but  the  phenomena  noted  tend 
to  confirm  Mayer’s  remark,  that  under  the  influence  of 
heat  in  presence  of  water,  lithium  chloride  has  a  tendency 
to  exchange  chlorine  for  oxygen. 

A  solution  containing  lithium  chloride  is  evaporated  to 
dryness  with  difficulty  when  placed  on  the  water-bath, 
and  if  it  finally  is  made  to  appear  dry  after  prolonged 
treatment  in  this  manner,  more  of  the  material  is  slow  to 
re-dissolve  in  water  (apparently  because  of  the  formation 
of  lithium  hydrate)  than  if  the  same  solution  is  evaporated 
nearly  to  dryness  and  the  moisture  driven  out  by  careful 
ignition  over  a  naked  flame. 

Assuming  in  every  case  that  one  has  obtained  a  con¬ 
centrated  aqueous  solution  from  a  known  quantity  of  the 
water,  containing  all  of  the  lithium  and  some  of  the 
potassium  and  sodium  as  chlorides,  but  no  other  bases, 
the  phosphate  method  would  be  as  follows  : — 

Add  an  excess  of  hydro-disodium  phosphate,  and  then 
a  moderate  excess  of  pure  sodium  hydrate,  evaporate  to 
dryness,  re-dissolve  in  water  by  the  aid  of  a  gentle  heat, 
add  an  equal  volume  of  strong  ammonia,  digest  warm  for 
some  time,  allow  to  stand  for  twelve  hours,  filter,  and 
wash  with  a  mixture  of  equal  volumes  of  ammonia  and 
water,  and  finally  ignite  and  weigh  as  Li3P04.  A  second 
or  third  portion  of  precipitate  may  be  recovered  by 
evaporating  the  filtrate  and  washings,  adding  ammonia, 
and  allowing  to  stand  as  before,  filtering,  &c.  The  chief 
difficulty  with  the  accuracy  of  the  process  consists  in 
the  practical  impossibility  of  obtaining  all  the  lithium  as 
phosphate,  free  from  any  other  alkaline  salts.  Too  much 
washing  will  cause  appreciable  amounts  of  lithium  phos¬ 
phate  to  go  into  solution.  Indeed,  in  my  experience  the 
filtrate  and  washings  have  always  showed  a  decided 
lithia  line  in  the  spectroscope  from  the  start.  On  the 
other  hand,  too  little  washing  leaves  some  alkaline  salt 
along  with  the  lithium  phosphate — shown  by  its  tendency 
to  cake  on  ignition — but  whether  it  cakes  or  not,  lithium 
phosphate  separated  by  this  method,  when  tested  by  the 
flame,  almost  invariably  gives  so  strong  a  sodium  flame 
as  practically  to  obscure  the  red  of  the  lithium  to  the 
naked  eye.  Consequently  it  becomes  to  a  considerable 
extent  a  matter  of  judgment  to  decide  when  the  washing 
is  completed,  and  then  the  amount  of  lithium  phosphate 
obtained  is  a  compromise  between  the  precipitate  dis¬ 
solved  off  by  washing  and  alkaline  salts  left  with  it. 
However,  by  the  aid  of  a  little  experience  the  error  can 
be  usually  brought  within  moderate  limits,  if  the  pro¬ 
portion  of  water  which  the  chlorides  represent  is  suffi¬ 
ciently  large  (ordinarily  10  to  20  litres).  The  use  of 
such  large  quantities  of  water  is  naturally  attended  with 
more  or  less  labour  in  evaporation,  removal  of  bases, 
&c.,  and  is  in  itself  objectionable  aside  from  the  sources 
of  error  inherent  in  the  method  of  determination.  This 
method  has,  however,  until  recently  been  practically  the 
only  one  in  general  use. 

The  method  of  Gooch  (loc.  cit.)  used  by  him  in  the 
examination  of  the  waters  of  the  Yellowstone  Park 
(“Bull.  U.S.  Geol.  Survey,”  No.  47  ;  also  Chem.  News, 
lix.,  113  et  seq.),  may  be  described  as  follows : — The  con¬ 
centrated  solution  of  the  alkaline  chlorides  should  con- 
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tain  only  about  o’2  grm.  of  salts  in  all.  To  this  solu¬ 
tion,  in  a  casserole  or  dish,  is  added  30  to  50  c.c.  of 
pure  anhydrous  amyl  alcohol.  The  vessel  is  then  heated 
on  a  sand-bath  over  a  low  flame,  so  as  to  boil  off  the 
water  through  the  amyl  alcohol,  leaving  the  undissolved 
salts  adhering  to  the  sides  of  the  dish.  The  heat  is  kept 
up  until  the  volume  of  amyl  alcohol  has  been  reduced  to 
about  15  or  18  c.c.  after  cooling.  A  few  drops  of  hydro¬ 
chloric  acid  are  added  to  restore  to  the  form  of  chloride 
any  lithium  oxide  or  hydrate  which  may  have  been 
formed,  and  the  heating  is  repeated  for  a  short  time. 
The  amyl  alcohol  is  then  filtered  through  paper,  or 
through  a  Gooch  crucible,  into  a  measuring  cylinder, 
and  its  volume  noted  (usually  10  to  15  c.c.).  In  case 
the  proportion  of  lithium  is  large  the  undissolved 
salts  should  be  taken  up  with  a  little  water,  and 
the  treatment  repeated  in  the  same  way  as  just 
described,  the  amount  of  amyl  alcohol  which  has 
been  heated  with  the  chlorides  being  measured  as  before. 
The  salts  are  then  washed  with  cold  amyl  alcohol  until 
no  trace  of  lithium  is  perceptible  in  them  by  the  spectro¬ 
scope  ;  the  filtrate  and  washings  are  evaporated  in  a 
weighed  platinum  dish,  and  the  chlorides  converted  into 
sulphates,  ignited,  and  weighed.  From  this  weight,  for 
every  10  c.c.  of  amyl  alcohol  which  remained  in  contadt 
with  the  chlorides  after  heating,  the  following  deduction 
is  made : — 
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When  only  sodium  and  lithium 

chlorides  were  present  ..  ..  0^00050  grm. 

When  only  potassium  and  lithium 

chlorides  were  present  . .  . .  o'ooofg  ,, 

When  both  sodium  and  potassium 
as  well  as  lithium  chlorides 
were  present  . o’ooiog  ,, 

The  cold  amyl  alcohol  used  for  washing  dissolves  so 
little  that  it  is  needless  to  take  it  into  account. 

The  relative  solubilities  of  NaCl,  KC1,  and  LiCl  in 
amyl  alcohol,  as  determined  by  Gooch,  are  essentially  : — 

NaCl .  1  in  30,000,  or  o’oo4i  grm.  in  100  c.c. 

KC1  .  1  ,,  24,000,  or  o-oo5i  ,,  100  ,, 

LiCl .  1  ,,  15,  or  6'6o  ,,  100  ,, 

Temperature  seems  to  have  but  little  influence  upon 
the  solubility  of  NaCl  and  KC1. 

Pure  amyl  alcohol  freed  from  water  by  boiling,  if 
necessary,  is  indispensable. 

(To  be  continued). 
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64.  “  The  Comparative  Influence  Exercised  by  the  Radicles 
Cl,  OH,  and  NH2  in  N dphthalcne  derivatives  on  the 
Formation  of  Disulphonic  Acids.”  By  Henry  E.  Arm¬ 
strong  and  W.  P.  Wynne. 

The  results  obtained  by  the  comparative  study  of  the 
influence  exercised  by  radicles  such  as  Cl,  OH,  and  NH2 
on  the  formation  of  disulphonic  acids,  of  which  an 
account  has  been  given  in  the  foregoing  notes  and  in  pre¬ 
vious  communications  by  the  authors,  are  such  as  to 
throw  much  light  on  the  laws  which  govern  substitution 
in  the  naphthalene  series,  and  are  moreover  highly  sug¬ 
gestive.  The  results  obtained  in  the  case  of  the  chloro- 
and  amido-acids  are  collected  in  the  following  diagram  : — 


One  faCt  to  which  attention  may  be  directed,  which  ap¬ 
pears  to  be  most  clearly  established  by  the  investigation 
of  a  very  large  number  of  disulphonic  acids,  is  the 
“  invincible  objection  ”  of  two  sulphonic  radicles  to  re¬ 
main  in  either  contiguous  or  para-  or  peri-positions.  The 
expression  “  remain  in  ”  is  used  advisedly,  as  the  authors 
believe  that,  inasmuch  as  aCtion  more  often  than  not 
takes  place  in  the  first  instance  in  accordance  with  the 
so  called  a-law  to  which  they  have  repeatedly  diredted 
attention,  such  positions  are  sometimes  initially  assumed 
by  two  sulphonic  groups.  It  is  a  question  whether  the 
final  acquisition  of  other  positions  than  a-positions  is  a 
consequence  of  diredt  isomeric  change,  or  of  the  formation 
of  higher  sulphonic  acids  and  their  subsequent  partial 
hydrolysis. 

Different  radicles  undoubtedly  exercise  a  very  different 
and  most  important  influence  in  determining  such 
secondary  changes.  Thus  /3-naphthol  on  treatment  with 
sulphonating  agents  is  converted  into  a  sulphate  which 
very  readily  undergoes  isomeric  change  into  the  2:3'- 
sulphonic  acid ;  /3-naphthylamine  sulphate  undergoes  a 
similar  change,  but  much  less  readily,  being  converted 
into  the  2  :  3’-  sulphonic  acid  only  after  long  heating  at  a 
high  temperature  :  in  this  latter  case  the  formation  of  the 
sulphamic  acid  probably  precedes  that  of  the  sulphonic 
acid,  and  either  the  sulphamic  acid  is  formed  with  diffi¬ 
culty  from  the  sulphate,  or,  when  formed,  does  not  readily 
undergo  isomeric  change. 

a-Naphtbylamine  and  a  naphthol  differ  in  a  similar 
manner. 

When  excess  of  sulphuric  acid  is  used,  opportunity  is 
given  for  sulphonation  to  pursue  a  different  course  :  the 
characteristic  properties  of  the  phenol  and  amine  are,  in 
a  sense,  obliterated  owins  to  the  formation  of  sulphates, 
and  these  sulphates  behave  much  as  do  corresponding 
derivatives  containing  a  neutral  radicle  chlorine,  for 
example.  Then,  if  /3-naphthylic  sulphate  be  sulphonated 
by  SO3HCI  without  application  of  heat,  a  disulphonic 
acid  is  at  once  obtained  which,  there  is  reason  to  believe, 
has  the  constitution — 

S 


( cf .  Bericlite,  1882,  204) ;  the  formation  of  this  compound 
affords  the  most  significant  indication  of  the  course  of 
change:  evidently  the  homo-a  hydrogen  atom  contiguous 
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to  the  OS03H-group  of  the  sulphate  is  first  displaced; 
the  resulting  sulpho-sulphate,  however,  spontaneously 
undergoes  isomeric  change.  £-Naphthylamine  sulphate, 
apparently,  behaves  somewhat  differently,  yielding  the 
2:1'-  and  2  :  4’-monosulphonic  acids:  in  this  case  the 
NH2,H2S04-group  may  be  supposed  to  remain  un¬ 
changed;  but  it  is  not  improbable  that  the  homo-a- 
hydrogen  atom  contiguous  to  this  group  is  primarily  dis¬ 
placed  by  SO3H,  which  then  passes  spontaneouslv  into 
the  contiguous  peri-a-position,  giving  rise  to  the  2  :  1'- 
acid  :  the  formation  from  the  2  :  3'-  and  2  :  4’-monosul- 
phonic  acids  of  disulphonic  acids  containing  the  S03H- 
group  in  the  homo-a-position  contiguous  to  the  NH2 
affords  the  strongest  support  to  this  view.  The  formation 
of  the  2  :  4'-monosulphonic  acid  from  /3-naphthylamine 
sulphate  is  perhaps  the  outcome  of  an  independent  adtion. 

In  the  case  of  /3-chloronaphthalene,  it  is  conceivable 
that  the  2  :  i-sulphonic  acid  is  the  immediate  produdl,  and 
that  this  spontaneously  changes  into  the  2  :  I'-acid  which 
is  actually  obtained  as  chief  produdl ;  the  2  :  3'-acid  which 
is  obtained  as  subsidiary  produdl  may  be  formed  by 
spontaneous  isomeric  change  from  2  :  4'-acid  initially  pro¬ 
duced  on  sulphonation  rather  than  by  the  isomeric 
change  of  the  2  :  i'-acid  at  the  moment  of  formation ;  this 
view  being  supported  by  the  fadl  that  /3-iodonaphthalene 
affords  a  small  proportion  of  2  :4'-acid  ( cf .  Proc.  Chem. 
Soc.,  1889,  120). 

In  short,  it  is  not  impossible  that  the  /3-mono-derivatives 
all  behave  similarly  on  sulphonation,  adting  in  a  minor 
degree  as  naphthalene  itself  would,  but  chiefly  as  mono¬ 
derivatives  :  and  that  the  differences  in  the  strudture  of 
the  ultimate  produdts  are  due  to  the  different  manner  in 
which  secondary  change  takes  place  under  the  diverse 
influences  of  various  /3-radicles.  The  same  argument 
would  apply  to  a-compounds. 

The  peculiar  differences  manifest  in  the  case  of  mono- 
sulphonic  compounds  are  also  to  be  noticed  in  the  case  of 
disulphonic  (cf  diagram,  above) — the  produdl  of  further 
sulphonation  is,  as  a  rule,  simpler  in  the  case  of  the  chloro- 
acid  than  in  the  case  of  the  amido-acid  ;  and  change  pro¬ 
ceeds  further  in  the  case  of  the  hydroxy-  than  in  that  of 
the  NH2-compound,  as  is  evidenced  by  the  formation  of 
R-  together  with  G-disulphohydroxy-acid  under  conditions 
which  do  not  give  rise  to  R-amidodisulphonic  acid. 

In  the  case  of  the  2  :  r'-amidosulphonic  acid,  the  homo- 
a-position  contiguous  to  the  NH2  is,  perhaps,  screened 
from  attack ;  and  either  a  1 :  4-disulphonic  acid  is  first 
formed,  or,  under  the  dehydrating  influence  of  the  sul¬ 
phuric  acid  present  in  excess,  a  sulphamic-sulphonic  acid 
is  gradually  produced,  which  then  undergoes  isomeric 
change:  it  appears  not  improbable,  from  the  exceptionally 
slow  manner  in  which  sulphonation  takes  place,  that 
the  latter  is  the  corredl  explanation.  The  remaining 
three  isomeric  /3  -  amidosulphonic  acids,  are  in  all 
probability,  at  an  early  stage  —  for  it  is  possible 
that  a  sulphamic  acid  is  the  first  produdl  of 
sulphonation — if  not  initially  converted  into  2  :  1- 
homosulpho-derivatives  ;  but  it  is  a  question  whether 
these  then  undergo  a  simple  isomeric  change,  or  whether 
the  final  produdts  are  formed  from  them  by  their  conver¬ 
sion  into  higher  sulphonic  acids  which  then  suffer 
hydrolysis.  The  behaviour  of  1  :  2-chloro  /3-naphthylamine 
on  sulphonation  (cf.  Proc.  Chem.  Soc.,  1889,  36,  48) 
appears  rather  to  support  this  latter  view,  as  the  passage 
of  the  sulpho  group  through  the  positions  1  — 2  — 3 
takes  place  with  a  much  greater  facility  than  is  usual  in 
cases  of  non-spontaneous  isomeric  change.  It  is  true  that 
the  conditions  under  which  sulphonation  is  effedted  are 
such  that  no  water  is  present ;  but,  bearing  in  mind  the 
tendency  of  H2S04  to  combine  with  S03,  it  is  by  no 
means  improbable  that  H2S04  itself  may  effedt  the 
hydrolysis. 

Lastly,  attention  may  be  called  to  the  occurrence  of 
“  homo-sulphonation  ”  in  the  case  of  the  two  chloro-/3- 
sulphonic  acids  ;  the  produdts  in  question  are,  perhaps, 
diredt  sulphonation-produdls,  but  it  is  also  conceivable 


that  the  2  :  i-chloro-sulphonic  acid  is  first  formed  and  that 
this  undergoes  isomeric  change  to  the  2  :  4-acid  in  con¬ 
sequence  of  the  guarding  influence  exercised  by  the  hetero- 
/3-sulphonic  radicle. 

The  results  obtained  in  the  case  of  the  Dahl  No.  II. 
acid  are  of  special  interest,  as  one  of  the  sulpho-groups  is 
in  the  /3-position  alternative  to  that  occupied  in  the  acid 
which  yields  naphthol-yellow  S ;  it  is,  hence,  possible 
that,  in  the  first  instance,  naphthionic  acid  yields  a  peri- 
disulphonic  acid,  and  not  the  Schollkopf  acid. 

The  solution  of  these  various  problems  will  necessitate 
much  further  study;  but  obviously  their  settlement  is  of 
importance  in  relation  to  the  theory  of  the  formation  of 
substitution-derivatives  generally. 

65.  “Note  on  the  Action  of  Potash  on  Naphthalene-i  :  3- 
disulphonic  Acid..-'  By  Henry  E.  Armstrong  and  W.  P. 
Wynne. 

When  the  authors’  naphthalenemetadisulphonic  acid 
(Proc.  Chem.  Soc.,  1890,  13)  is  fused  with  3 — 4  times  its 
weight  of  caustic  potash  at  280 — 300°  for  several  hours,  it 
gives  a  produdl  which  consists  chiefly  of  a  trihydroxy - 
naphthalene,  CioH5(OH)3  (C=  6y7  per  cent,  H  =  4‘6  per 
cent).  This  crystallises  from  water  in  minute  scales, 
from  light  petroleum  (b.  p.  =  30°)  in  small  white  aggre¬ 
gates  of  no  definite  form,  and  melts  at  120 — 121°.  It 
sublimes  in  lustrous  thin  scales;  is  extremely  soluble  in 
ether,  chloroform,  carbon  bisulphide,  acetone,  and  ben¬ 
zene  ;  and  gives  no  charadleristic  colouration  with  ferric 
chloride.  The  study  of  the  adtion  of  potash  on  naphtha¬ 
lenemetadisulphonic  acid  is  being  continued. 

66.  “  The  Action  of  Zinc  on  Dilute  Sulphuric  Acid."  By 
F.  Pullinger,  B.A.,  B.Sc.,  late  Scholar  of  Corpus 
Cnristi  College,  Oxford. 

The  author  has  carried  out  a  series  of  experiments  with 
zinc  prepared  by  thrice  distilling  in  vacuo  zinc  purchased 
as  “  chemically  pure,”  and  has  arrived  at  the  following 
conclusions : — 

(i.)  That  zinc  with  a  perfectly  smooth  surface  is  not 
acted  on  by  dilute  sulphuric  acid  which  has  been  submitted 
to  prolonged  boiling. 

(ii.)  That  zinc  with  a  rough  surface  is  readily  acted  on 
by  acids,  but  in  a  less  degree  by  those  which  have  been 
boiled  than  by  those  which  have  not. 

(iii.)  That  oxidising  agents,  such  as  eleclrolysed  sul¬ 
phuric  acid,  hydrogen  peroxide,  and  nitric  acid,  increase 
the  rate  of  dissolution. 

(iv.)  That  a  reducing  agent  such  as  hydrogen  iodide 
almost  entirely  prevents  dissolution  ;  but  that  those  con¬ 
taining  sulphur,  such  as  sulphur  dioxide,  are  without 
effedl. 

(v.)  That  in  all  probability  persulphuric  acid  is  the  vera 
causa  of  the  dissolution  of  zinc  in  the  so-called  11  pure  ” 
sulphuric  acid. 

(vi.)  That  pure  dilute  sulphuric  acid  would,  at  ordinary 
temperatures,  be  entirely  without  adtion  on  zinc,  whether 
the  surface  of  the  latter  were  rough  or  smooth. 

67.  “  Acetyltnmetliylenecarboxylic  Acid.”  By  T. 
Rhymer  Marshall,  D.Sc.,  and  W.  H.  Perkin,  jun., 
Ph.D.,  F.R.S. 

When  ethylene  bromide  adls  on  etnylic  sodacetoacetate, 
an  oil,  CsH1203,  is  formed  which  boils  at  196“;  on  hydro¬ 
lysis  this  yields  an  oily  acid,  C6Hs03,  to  which  the  name 
Acetyltrimethylenecarboxylic  acid  and  the  formula — 

ch3-co-c-cooh 

/\ 

ch2— ch2 

were  assigned  (Chem.  Soc.  Trans.,  1885,  xlvii.,  834).  In 
a  research  published  a  short  time  since,  Lipp  (Ber.,  xxii., 
1201)  states,  as  the  results  of  some  experiments  on 
acetopropyl  alcohol,  that  this  formula  is  incorredt,  and 
must  be  replaced  by — 

CH2=C — CH-COOH 

0<  | 

CH2-CH 
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The  authors  have  very  carefully  re-investigated  the 
subjed  with  the  following  results  : — 

Acetyltrimethylenecarboxylic  acid  and  hydroxylamine 
readily  interact,  forming  a  crystalline  hydroxime, — 

C6H9N03, 

which  melts  at  1450.  On  reduction  with  sodium  amalgam, 
the  acid  is  converted  into  a-ethyl-/3-hydroxybutyric  acid, 
CH3-CH(OH)-CH(C2H5)COOH  ;  this  forms  a  thick 
colourless  syrup,  yielding  on  distillation  a-ethylcrotonic 
acid,  CH3-CH:C(C2H5)-COOH. 

A  drop  of  a  solution  of  potassium  permanganate  added 
to  a  solution  of  acetyltrimethylenecarboxylic  acid  in  a 
dilute  solution  of  sodium  carbonate  is  not  decolourised, 
even  on  long  standing  —  a  proof  that  the  acid  is  a 
saturated  compound,  and  cannot  have  the  formula 
ascribed  to  it  by  Lipp  (compare  Baeyer,  Annalen,  ccxlv., 

x46)-  . 

Acetyltrimethylenecarboxylic  acid  readily  splits  up  on 
heating  into  acetyltrimethylene, — 

CH2 

CH3COCH<|  , 

CH2 

and  carbon  dioxide. 

Acetyltrimethylene  and  hydroxylamine  interact  to  form 
a  hydroxime,  C5HgNO,  which  crystallises  from  petroleum 
spirit  in  beautiful  glittering  prisms.  When  reduced  by 
means  of  sodium  (in  moist  ethereal  solution),  acetyltri¬ 
methylene  yields  methylpropylcarbinol,— 

CH3-CH(OH)-CH2-CH2-CH3, 

which  boils  at  ng'50  (compare  Saytzew,  Wagner, 
Annalen,  clxxix.,  313). 

Methylpropylcarbonyl  acetate,  CH3,CH(C2H302)-C3H7, 
obtained  by  boiling  the  alcohol  with  acetic  anhydride, 
boiled  constantly  at  I33'5. 

Dime  thy  Id  ip  ropy  l glycol, — 

CH3-C(OH)-C3H7 

I 

CH3C(OH)-C3H7 

is  produced,  together  with  methylpropylcarbinol,  by  the 
reduction  of  acetyltrimethylene.  It  is  a  thick  oil  which 
boils  at  220 — 225°  (Friedel,  Jahresb.,  1869,  513).  Fuming 
solution  of  hydrogen  bromide  converts  acetyltrimethylene, 
at  ordinary  temperatures,  quantitatively  into  acetopropyl 
bromide,  CH3-CO-CH2-CH2,CH2Br  (b.  p.  120°  at  75 
m.m.),  a  proof  that  acetyltrimethylene  cannot  have  the 
formula — 

CH2=C  — CH2 
0<  |  . 
ch2-ch2 

Methyldehydropentonecarboxylic  acid, — 

ch3-c===c-cooh 

0<  | 
ch2— ch2 

is  always  formed  in  small  quantities,  together  with 
acetyltrimethylenecarboxylic  acid,  by  the  adion  of 
ethylenebromide  on  ethyl  sodacetoacetate  (Freer  and 
Perkin,  Chem.Soc.  Trans.,  1887,  li.,  822).  In  one  experi¬ 
ment,  this  acid  was  obtained  in  large  quantities  and  free 
from  acetyltrimethylenecarboxylic  acid.  It  crystallises 
from  benzene  in  large  apparently  monoclinic  prisms 
which  melt  at  150°.  It  does  not  interad  with  hydroxyl¬ 
amine  ;  its  alkaline  solution  decolorises  permanganate 
instantly,  in  which  respeds  it  differs  very  markedly  from 
acetyltrimethylenecarboxylic  acid. 

When  boiled  with  water,  methyldehydropentonecar¬ 
boxylic  acid  is  entirely  converted  into  acetopropyl 
alcohol,  carbon  dioxide  being  evolved. 

Methyldehydropentone, — 

ch3-c===ch2 
0<  I  , 
ch2— ch2 

is  formed  when  the  acid  is  distilled.  It  is  a  colourless 
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ethereal  liquid;  b.  p.  82°,  rel.  den.  at  150  =  o-gio7; 
magnetic  rotation,  5'39i.  When  shaken  with  water  it 
rapidly  dissolves,  forming  acetopropyl  alcohol. 

A  careful  study  of  these  results  shows  that  acetyltri¬ 
methylenecarboxylic  acid  is  a  saturated  ketonic  acid,  and 
that  it  cannot  have  the  constitution  proposed  by  Lipp. 
Lipp’s  formula  represents  an  acid  which  may  be  identical 
with  methyldehydropentonecarboxylic  acid,  but  which 
in  any  case  must  possess  properties  closely  allied  to  those 
observed  in  this  acid,  and  which  are  entirely  distintSb  from 
the  properties  of  acetyltrimethylenecarboxylic  acid. 


NOTICES  OF  BOOKS. 


The  Metallurgy  of  Steel.  By  H.  Marion  Howe,  A.M., 

S.B.  Vol.  I.  New  York:  The  Scientific  Publishing  Co. 
The  objed  of  the  author  is  to  give  metallurgists  a 
systematic  account  of  the  American  steel  works  and  their 
present  practice.  In  his  preface  he  remarks  somewhat 
dryly  that  the  important  thing  for  the  reader  is  to  know 
that  certain  practice  exists,  or  is  possible  ;  for  the  manu¬ 
facturer  that  it  be  not  known  as  his  particular  practice. 
Probably  even  the  close-mouthed  Krupp  would  objeCt 
relatively  little  to  having  his  practice  revealed,  provided  it 
were  not  known  as  his. 

The  work  itself  is  simply  enormous,  unmatched  in  its 
minute  and  thorough  going  comprehensiveness.  As  a  whole 
it  is  intelligible  only  to  the  rare  individuals  who  are  at 
once  thorough  chemists  and  thorough  engineers,  and  who 
have  studied  both  these  disciplines  from  the  point  of  view 
of  the  practical  metallurgist.  The  author,  after  defining 
steel — no  very  easy  task — examines  the  mutual  behaviour 
of  carbon  and  iron,  with  especial  reference  to  hardening, 
tempering,  and  annealing.  He  discusses  at  some  length 
the  evidence  of  the  state  of  combination  of  carbon  with 
iron.  It  appears  that  in  addition  to  the  graphitic  state 
combined  carbon  may  exist  in  iron  in  a  more  or  less 
soluble  modification.  He  considers,  however,  that  each 
of  these  modifications  may  comprise  varieties  not  as  yet 
distinguished. 

In  successive  chapters  the  author  discusses  the 
behaviour  of  iron  with  silicon,  manganese,  sulphur, 
phosphorus,  chromium,  tungsten  and  copper,  and  the 
metals  occurring  but  sparingly  in  iron.  He  believes 
that  chrome  steel  is  preferable  to  carbon  steel  where 
extreme  hardness  is  required  coupled  with  a  fair  degree 
of  forgeableness.  Its  negled  he  ascribes  to  the  fad 
that  its  manufacture,  which  requires  unusual  skill  and  in¬ 
telligence,  has  largely  fallen  into  careless,  incompetent 
hands. 

On  the  merits  of  the  alloys  of  iron  and  aluminium  he 
is  sceptical.  He  notices  that  some  of  the  most  experienced 
analysts,  amongst  others  Rammelsberg,  fail  to  detect 
aluminium  in  wootz,  whilst  the  alloys  of  iron  with  larger 
proportion  “  appear  to  be  little  and  hold  out  little  promise.” 
Neither  is  he  satisfied  with  the  evidence  of  the  improve¬ 
ment  effected  in  the  Mitis  process.  He  maintains  that  it 
is  not  shown  that  the  melting-point  is  actually  lowered  in 
the  Mitis  process,  that  thereis  reason  to  doubt  if  aluminium 
even  tends  to  produce  this  specific  effect  of  lowering  the 
melting-point ;  that  were  it  known  to  lower  the  melting- 
point  too  little  of  it  is  present  to  explain  a  fall  of  the 
melting-point  sufficient  to  account  for  the  startling  effects 
produced,  whilst  a  fall  in  the  melting-point  is  incompetent 
to  explain  all  the  phenomena. 

An  authority  quoted  has  examined  many  irons  and  steels 
for  aluminium  and  finds  it  commonly  present  in  steel, 
though  in  such  small  proportions  as  0^32  p.c.  The 
results  of  Faraday  and  Stodart  on  the  alloys  of  steel  with 
silver,  gold,  and  platinum,  have  not  been  confirmed  by 
recent  researches  nor  by  practical  observations. 

Chapters  ix. ,  x.,  xi,  and  xii,  discuss  the  effeds  upon 
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iron  of  non-metallic  bodies,  especially  in  a  gaseous  or 
liquid  state.  Polluted  waters  corrode  iron  much  more 
rapidly  than  clear  water.  In  Thompson’s  observations 
while  the  waste  of  gas-works  does  not  appear  to  augment 
the  corrosive  aftion  of  pond-water  initially  somewhat 
polluted  by  stables,  &c.,  sewage  increased  it  37  per  cent 
in  case  of  wrought-iron  and  76  per  cent  in  case  of  cast- 
iron.  In  these  days  of  iron  ships  and  sewage  polluted 
rivers  and  harbours  the  practical  meaning  of  these  observa¬ 
tions  is  perfectly  plain. 

The  absorption  and  escape  of  gases  from  iron  with  the 
accompanying  formation  of  “  blow-holes  ”  and  the  means 
for  their  prevention  are  very  fully  discussed.  It  is  con¬ 
sidered  pradtically  certain  that  in  the  cases  which  have 
been  studied  the  gases  which  form  blow-holes  are  chiefly 
hydrogen  and  nitrogen  escaping  from  solution;  carbonic 
oxide  probably  co-operates  and  doubtless  comes  in  large 
part  from  solution.  Still  air  may  be  drawn  down 
mechanically  in  “teeming,”  under  conditions  which 
require  to  be  studied,  and  may  thus  be  an  important  cause 
of  the  blow-holes. 

Amongst  the  methods  proposed  for  the  prevention  of 
blow-holes  several  of  the  most  interesting  depend  on 
gaseous  pressure  applied  to  the  molten  steel.  Krupp  is 
said  to  use  liquid  carbon  dioxide  at  a  pressure  of  5  tons 
per  square  inch.  In  discussing  the  value  of  liquid  com¬ 
pression  the  author  writes  :  “  It  has  seemed  to  many  that 
Whitworth’s  attitude  has  not  been  one  of  confidence  in 
the  value  of  his  compression.”  It  is  admitted,  however, 
that  “  in  proper  hands  the  liquid  compression  of  large 
masses,  if  powerful  enough,  according  to  our  present 
evidence,  does  prevent  pipes,  blow-holes,  and  cracks  almost 
completely.” 

The  structure  of  iron  as  observed  on  microscopic  ex¬ 
amination  is  compared  to  that  of  granite.  Seven  distindt 
crystalline  minerals  have  been  recognised  chiefly  by  the 
researches  of  Mr.  Sorby.  To  these  the  author  has  given 
names  more  brief  and  of  a  more  mineralogical  type  than 
those  proposed  by  Sorby. 

Another  method  of  ascertaining  the  strufture  of  steels 
is  the  examination  of  the  fradture,  which  has  been 
especially  studied  by  Brinnell.  This  inquirer  recognises 
nine  distindt  types  of  fradture  which  he  supposes  to  result 
from  nine  corresponding  types  of  strudture.  These  types 
of  fracture  and  the  conditions  under  which  they  are 
acquired  and  lost  are  considered  in  detail. 

The  remainder  of  the  volume  is  devoted  to  the  effedts 
of  different  kinds  of  working  and  to  the  various  processes 
for  conversion. 

An  appendix  describes  certain  compound  steels  shown 
at  the  Paris  Exhibition  of  i88g. 


The  Student's  Chemistry  ( Inorganic ).  In  Two  Volumes. 

Poona  :  The  “  Orphanage  Press.” 

The  work  before  us  differs  from  the  ordinary  small  or 
middle-sized  chemical  manuals  chiefly  in  two  respedts; 
what  may  be  called  the  philosophy  of  chemistry  has  been 
expounded  at  greater  length,  and  the  physiological  adtion 
of  elements  and  compounds  is  brought  into  prominence. 
We  miss,  however,  any  systematic  reference  to  the 
spedtroscope  and  its  revelations  as  well  as  to  eledtrolysis 
and  to  thermo-chemistry. 

The  arrangement  of  the  work  is  as  follows  : — After  the 
introdudtory  discussion  of  the  general  principles  of  the 
science,  in  which  the  bold  hope  is  expressed  that  before 
long  the  synthesis  of  albumen  will  have  become  possible, 
the  author  proceeds  to  a  classification  of  the  elements. 
These  he  divides  into  three  main  classes,  non-metals, 
metalloids,  and  metals.  He  is  fully  aware  of  the  error  of 
applying  the  term  “metalloid,”  as  it  is  too  often  done  by 
French  chemists,  to  bodies  which  are  eminently  unlike 
metals.  But  we  fear  that  by  applying  it  to  such  elements 
as  tin  he  will  merely  increase  confusion. 

On  the  addition  of  alum  to  impure  waters  for  the  pur¬ 
pose  of  removing  organic  matter  in  suspension — it  might 


have  been  added  “  or  in  solution  ” — the  author  thinks  the 
remedy  may  possibly  be  worse  than  the  disease,  as  alum 
attacks  the  tissues  of  the  stomach.  But  the  alum,  if  not 
added  in  excess,  is  decomposed,  the  precipitate  formed 
carrying  down  with  it  most  of  the  microbia  which  may  be 
present  in  the  water.  Since  this  method  has  been 
adopted  by  the  French  troops  in  Tonquin  they  have 
enjoyed  a  nearly  complete  exemption  from  dysentery. 
Facilities  for  boiling  a  suspeded  water  are  not  always  at 
hand. 

The  use  of  phosphorus,  ordinary  or  amorphous,  for  the 
produdion  of  lucifer  matches  is  here  rightly  objeded  to. 
The  only  legitimate  uses  of  phosphorus,  indeed,  are  in 
agriculture  and  medicine. 

To  the  statement  that  PH3  in  marshy  places  gives  rise 
to  will-o-the-wisp  we  must  demur.  The  presence  of  this 
gas  in  the  air  or  in  the  emanations  from  decomposing 
animal  matter  has  never  been  satisfadorily  demonstrated. 

The  author  justly  objeds  to  the  use  of  boric  and 
salicylic  acids  for  the  preservation  of  articles  of  food. 

Aluminium  scarcely  receives  full  justice  :  the  only  pro¬ 
cesses  mentioned  for  its  produdion  are  those  of  Deville  and 
Webster,  and  only  one  of  its  alloys  is  described. 

We  must  congratulate  the  author  on  the  manner  in 
which  he  keeps  his  readers  at  tiie  level  of  the  most  recent 
discoveries.  It  is  not  often  in  a  work  of  the  bulk  of  the 
one  before  us  that  we  find  mention  of  so  recent  and  still 
questioned  a  discovery  as  that  of  the  metal  found  by  Dr. 
Kruss  in  commercial  nickel  and  cobalt.  We  find,  too,  a 
notice  of  the  announcement  made  at  the  Odober  meeting 
(i88g)  of  the  Vienna  Academy  of  Sciences  that  sulphur  is 
not  a  simple  body,  but  a  compound  of  carbon.  We  must 
add,  however,  that  this  strange  result  has  not  hitherto 
received  the  necessary  verification. 

The  chief  defed  of  the  work  is  the  want  of  an  index, 
which  is  the  more  to  be  regretted  as  the  arrangement  of 
the  book  is  somewhat  complicated. 

The  second  volume  is  a  brief  summary  of  qualitative 
analysis,  and  does  not  call  for  any  special  remarks. 


CORRESPONDENCE. 

M.  BARTHE’S  NEW  SYNTHESES. 

To  the  Editor  of  the  Chemical  News. 

Sir, — I  am  at  a  loss  to  understand  the  following  difficul¬ 
ties  in  M.  Barthe’s  syntheses  (Chem.  News,  vol.  lxii.,  p. 
153)  : — 

Apart  from  the  acetyl  constituent,  cyanosuccinic  ether 
appears  to  contain  CjHgC^  +  Cy  and  E2 ;  but  cyano¬ 
succinic  mether,  called  methylcyanosuccinate,  apparently 
contains  C4H304  +  Cy  and  Me2. 

In  methylcyanotricarballylate,  called  cyanotricarballyl- 
ate,  what  does  CA2  mean  ? 

Information  will  greatly  oblige. — I  am,  &c., 

S.  E  P 

"M.  Barthe  does  not  use  the  expression  cyanosuccinic 
mether.  CA2  is  a  misprint  in  the  original  for  CN2.] 


REFERENCES  TO  ORIGINAL  PAPERS. 

To  the  Editor  of  the  Chemical  News. 

Sir, — Will  you  allow  me  through  your  columns  to  make  an 
appeal  on  behalf  of  those  who  have  constantly  to  refer  to 
original  papers  quoted  by  authors  ?  The  usual  method 
adopted  by  authors  in  referring  to  papers  already  published 
is  to  quote  the  number  of  the  volume  in  which  the  paper 
or  papers  occurred  ;  this  may  seem  at  first  sight  to  be  all 
that  is  necessary,  and  indeed  it  would  be  so  if  everyone 
had  immediate  access  to  a  library  round  whose  walls  all 
journals  ever  published  were  properly  ranged. 

I  submit,  however,  that  this  method  renders  the  ever- 
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increasing  mass  of  “  abstracts  ”  published  by  the  Chemical 
and  other  Societies  pradically  useless  for  reference,  and 
for  this  reason  : — The  method  gives  no  clue  as  to  the  year 
in  which  the  paper  was  published,  unless  the  reader 
happens  to  remember  what  is  the  number  of  the  current 
volume  of  the  journal  in  question,  and  also  how  many 
volumes  of  it  are  issued  per  annum  ;  if  he  know  this,  then 
a  few  seconds’  calculation  will  enable  him  to  turn  to  that 
volume  of  the  “  abstrads  ”  published  some  4  to  6  months 
later  than  the  original  paper.  But  as  it  is  impossible  for 
anyone  to  remember  these  fads,  the  absence  in  the 
reference  of  the  date  of  the  volume  in  which  the  paper 
occurred  makes  it  exceedingly  difficult  to  find  the  abstrad 
of  that  paper. 

Inasmuch  as  it  has  frequently  taken  me  ten  minutes  to 
find  the  abstrad  of  a  paper  when  only  the  number  of  the 
volume  in  which  it  occurred  has  been  given,  you  will,  I 
feel  sure,  Sir,  make  room  for  this  protest  against  the  waste 
of  time  suffered  by,  among  others,  your  obedient  servant, 

An  Abstractor. 
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Note.— All  degrees  of  temperature  are  Centigrade  unless  otherwise 
expressed. 

Comptes  Rendus  Hebdomadaires  des  Seances,  de  V Academic 
des  Sciences.  Vol.  cxi.,  No.  10,  September  8,  1890. 

On  a  Platinum  Sulphocarbide.— P.  Schutzenberger. 
— On  slowly  passing  a  current  of  an  inert  gas,  such  as 
dry  nitrogen  charged  with  vapours  of  carbon  disulphide, 
through  a  column  of  platinum  sponge  fixed  in  a  glass  tube 
between  two  plugs  of  asbestos,  and  heated  by  means  of  a 
gas  burner  to  a  temperature  below  dull  redness — 400°  to 
450” — the  carbon  disulphide  is  entirely  absorbed  and  the 
platinum  sponge  is  gradually  converted,  from  the  entrance- 
point  of  the  gas  to  its  exit,  into  a  fine  black  powder.  On 
continuing  the  experiment  as  long  as  there  was  any  in¬ 
crease  of  weight,  exadly  1  mol.  of  carbon  disulphide  was 
absorbed  by  2  atoms  of  platinum.  The  produd  had  the 
composition  Pt2S2C.  From  its  behaviour  it  was  found 
not  to  be  a  mixture,  but  a  definite  compound,  and  may  be 
regarded  as  methane  in  which  the  four  atoms  of  hydrogen 
have  been  replaced  by  two  bivalent  groups,  =Pt  =S. 

New  Researches  on  the  Gadolinia  of  M.  de 
Marignac. — Lecoq  de  Boisbaudran. — Last  year  I  had  the 
honour  to  submit  to  the  Academy  the  results  of  a  qualita¬ 
tive  examination  and  a  quantitative  analysis  of  a  gadolinia 
prepared  by  M.  de  Marignac.  The  results  show  that 
nine-tenths  of  the  earth  cannot  be  ascribed  to  substances 
previously  known.  Taking,  on  the  other  hand,  into  con¬ 
sideration  the  existence  of  a  special  eledric  spedrum,  we 
easily  obtain  a  clear  confirmation  of  the  discovery  of  M. 
de  Marignac,  if  the  researches  of  this  illustrious  chemist 
had  not  rendered  the  novelty  of  gadolinia  indisputable. 
Having  been  courteously  placed  by  M.  de  Marignac  in 
full  possession  of  the  gadolinia  which  had  served  for  my 
above-mentioned  experiments,  I  proceeded  to  a  fradiona- 
tian  of  this  matter  by  means  of  very  dilute  ammonia. 
The  minuteness  of  the  mass  operated  upon  (1-5  grms.) 
rendered  this  research  tedious  and  delicate.  In  fad,  I 
obtained  14  portions  (Nos.  -4  to  +9);  but  as  the  ex¬ 
amination  of  the  absorption-spedra  requires  a  certain 
quantity  of  concentrated  liquid,  I  was  obliged  to  colled 
all  the  matter  into  the  numbers  —4,0,  +6,  and  +g,  by 
the  gradual  and  cautious  redudion  of  the  intermediate 
numbers.  In  this  manner  the  difference  of  composition 
existing  between  each  of  these  five  final  numbers  and  its 
neighbour  (e.g. ,  between  numbers  6  and  9)  is  that  which 
would  have  been  the  case  if,  the  earth  being  more 
abundant,  it  had  been  possible  to  obtain  fourteen  portions 


of  sufficient  volume  to  admit  of  the  examination  of  each. 
By  absorption,  it  was  found  that  samarium  (charaderised 
by  its  blue  bands)  was  strongly  concentrated  in  the  first 
precipitates.  It  is  very  well  marked  in  No.  —4,  feeble 
in  No.  6,  and  scarcely  perceptible  in  No.  g.  Thus, 
samaria  shows  a  basicity  less  than  that  of  gadolinia.  The 
didymia  is  naturally  concentrated  at  the  tail  of  the  pre¬ 
cipitates  ;  it  is  not  perceptible  in  No.  3,  it  is  very 
moderate  in  No.  6,  and  easily  visible  in  No.  9.  By 
reversal  we  see  that  the  fluorescence  Z/3  is  strongly 
marked  at  the  head  of  the  series;  it  is  fine  in  No.  —4, 
moderate  in  No.  3,  doubtful  in  No.  6,  and  null  in  No.  g. 
Further,  the  earth  No.  —4  is  very  yellow,  whilst  the 
earths  Nos.  6  and  9  are  very  pale.  The  fluorescence  of 
samarium  (by  reversal)  is  seen  very  faintly  in  No.  —4, 
and  not  in  the  other  numbers.  By  the  direct  spark  (not 
condensed)  the  spedrum  of  gadolinium  is  fine  in  all  the 
numbers,  which  is  intelligible  since  the  quantity  of  Gd203 
contained  in  No.  —4,  the  most  impure  of  all,  is  still 
very  considerable.  In  fine,  Nos.  6  and  9  contain  the 
smallest  quantity  of  foreign  bodies,  these  consisting 
principally  of  Sm,  Di,  and  Z\ 8.  There  is  a  little  more  of 
Sm  but  less  of  Di  in  No.  6  than  in  No.  g.  I  think  that 
the  sum  of  the  impurities  in  each  of  these  two  numbers 
can  scarcely  reach  2 — 3  per  cent.  These  are  certainly  the 
purest  gadolinias  which  have  yet  been  obtained.  No.  6 
is  a  yellowish  white;  No.  9  is  decidedly  paler,  though 
not  quite  white.  Professor  Cleve  has  kindly  permitted 
me  to  publish  one  of  the  principal  results  of  his  long  and 
important  researches  on  gadolinia.  He  finds  that  the 
principal  mass  is  not  split  up  on  fradionation.  Impurities, 
very  difficult  to  eliminate,  but  of  known  nature,  are  dis¬ 
tributed  unequally  among  the  various  fradions,  altering 
but  little  the  value  of  the  equivalent,  as  it  will  be  seen  on 
examining  the  numbers  obtained  by  M.  Cleve  for  the 
atomic  weight  of  Gd.  I  will  here  point  out  a  fad  which 
does  not  seem  to  have  been  noticed  ;  its  knowledge  will, 
perhaps,  prevent  regrettable  mistakes  among  persons  who 
study  the  rare  earths.  It  is  the  decidedly  great  temporary 
solubility  of  the  rare  earths,  and  especially  of  gadolinia,  in 
ammonium  acetate  in  presence  of  an  excess  of  free 
ammonia.  A  solution  of  Gd2Cl6  containing  from  o‘5  to 
1  grm.  Gd203  per  litre,  being  mixed,  at  first  with  acetic 
acid  and  then  with  an  excess  of  ammonia,  remains 
limpid  for  a  long  time,  and  the  precipitation  is  complete 
only  after  the  lapse  of  a  day  or  two  days.  Heat  expedites 
the  formation  of  the  deposit,  but  in  this  case  it  is  only 
partial,  since  a  liquid  which  has  already  become 
spontaneously  turbid  clears  up  on  heating  and  becomes 
turbid  when  cold.  Analogous  effeds  are  observed  with 
the  salts  of  Yt,  La,  and  Di.  The  deposit  is  formed  more 
slowly  with  La  than  with  the  other  two  earths.  The  pre¬ 
cipitation  is  delayed  with  cerous  oxide,  but  very  slightly. 


NOTES  AND  QUERIES. 


***  Our  Notes  and  Queries  column  was  opened  for  the  purpose  of 
giving  and  obtaining  information  likely  to  be  of  use  to  our  readers 
geneially.  We  cannot  undertake  to  let  this  column  be  the  means 
of  transmitting  merely  private  information,  or  such  trade  notices 
as  should  legitimately  come  in  the  advertisement  columns. 

Portland  Cement. — If  “  F.I.C.”  will  communicate  with  me,  I 
shall  be  pleased  to  give  him  any  information  I  can. — W.  J.  CooPRR, 
High  Street,  Mitcheldean. 
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NOTES  ON  O: 

By  J.  A.  WANKLYN  and  W.  J.  COOPER. 


sesame  oil  4-03  grms.,  and  for  a  mixture  of  the  two  oils  is 
7  grms. 


Difference  between  7  and  4-03  =  2-97 
„  ,,  7  and  107  =  370 

107x2  97  _ 

6  67 


476 


sum  of  diffs.  = 
667 


4-03  X  370  =2.24 


667 


107  :  100  ::  476  :  44-53  olive  oil 
4-03  :  100  :  :  2-24 :  55-47  sesame  oil. 


Our  modification  of  the  Priestley  and  Cavendish  method 
has  given  the  following  results  : — 


Pure  Oxygen  Gas. 


Expt.  I. 

Expt. 

11. 

Oxygen  taken  ..  . 

.  30-0  c.c, 

40-0  c 

:.C. 

NO  added . 

.  82-6 

97-8 

II2'6 

i37'8 

Vol.  after  readion 

20-8 

20-0 

Therefore  contradion. 

.  gi'8 

117-8 

„  oxygen 

.  30-6 

39'27 

The  results  obtained  on 

operating 

on  atmosph 

eric  air 

were  as  follows  : — 

I. 

II. 

III. 

Air  taken . 

8o-o 

50-0 

70-0 

NO  added . 

•  45'° 

25-0 

54'° 

125-0 

75-o 

124-0 

Vol.  after  readion  .. 

-  75'6 

44-2 

8o-6 

Therefore  contradion  . , 

■  49'4 

30-8 

43  '4 

,,  oxygen  ..  .. 

16-47 

I0C2J 

:4'47 

Percentage  of  oxygen  . . 

20-59 

20-54 

20-67 

We  have  made  experiments  on  a  variety  of  reagents  for 
the  absorption  of  oxygen.  Thus  hydrated  protoxide  of 
manganese  has  been  tried.  This  reagent  absorbs  oxygen 
from  the  air,  and  employing  it  in  a  Hempel’s  absorption 
pipette,  we  are  able  to  remove  all  the  oxygen  from  a 
specimen  of  air  in  the  course  of  twenty-four  hours.  We 
do  not,  however,  recommend  it  for  general  use. 

Alkaline  sulphurets,  as  is  well  known,  were  resorted  to 
in  years  gone  by  for  this  purpose.  We  are  using  a  con¬ 
venient  reagent  of  this  kind  made  by  boiling  18  grms.  of 
sulphur  with  24  grms.  of  caustic  potash  and  150  c.c.  of 
water.  The  mixture  is  boiled  in  a  flask,  allowed  to  cool, 
and  then  shaken  up  with  a  small  volume  of  air  and  intro¬ 
duced  into  the  absorption  bulbs,  a  little  fresh  potash  being 
added.  This  reagent  absorbs  oxygen  very  readily.  In 
about  an  hour  40  c.c.  of  pure  oxygen  may  be  almost 
completely  absorbed,  and  veiy  satisfactory  results  are  ob¬ 
tained  with  air. 


EXAMINATION  OF  OILS,  FATS,  AND  ALLIED 
SUBSTANCES. 

By  THOMAS  T.  P.  BRUCE  WARREN. 

M.  Cailletet  showed  that  the  percentage  composition 
of  a  mixture  of  two  oils  could  be  calculated  when  we 
knew  the  bromine  absorptions  of  the  mixture  and  of  its 
two  constituents.  The  principle  of  his  procedure  was 
this  : — A  known  weight  of  bromine  was  added  to  an  oil, 
and,  after  digestion,  the  unabsorbed  bromine  was  estimated. 
The  result  was  that  the  higher  the  bromine-absorption, 
the  smaller  was  the  quantity  left  free.  To  render  his 
method  clearer,  I  give  his  experimental  result  on  a  mix¬ 
ture  of  olive  and  sesame  oils,  quoted  by  Chateau  ( Corps 
Gras  Industricls,  Paris,  1864).  The  solution  of  turpentine 
required  to  decolcurise  10  grms.  bromine  liquor,  after 
digesting  with  5  grms.  olive  oil,  is  107  grms,,  and  with 
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This  is  simplified  by  the  following  proportions  : — 

107-4-03  :  7  —  4'°3  -  100: *  =  44-53 
10  7-4-03  :  10-7-7  : :  100:7  =  55-47 

Writers  on  oils  have  recorded  the  iodine-absorption  per 
cent,  which,  unfortunately,  is  not  well  adapted  for  these 
calculations,  and  considering  that  the  unabsorbed  iodine 
has  to  be  estimated  to  obtain  the  percentage  figures, 
there  is  no  reason  why  the  results  could  not  be  tabulated 
so  as  to  render  Cailletet’s  method  of  calculating  available. 
The  Hubl  figures  form  an  ascending  series  ;  whereas 
Cailletet’s  process  involves  a  descending  series ;  conse¬ 
quently,  if  we  have  two  oils  to  deal  with,  we  have  simply 
to  reverse  the  figures  for  the  iodine-absorption  thus  :  call 
olive  oil  106,  and  sesame  oil  84-5  ;  lard  oil  170,  and  lin¬ 
seed  oil  52-5. 

I  have  taken  Cailletet’s  mixture  and  adapted  it  to  the 
known  and  accepted  iodine-absorption  in  accordance  with 
this  arrangement.  The  Hubl  being  used  in  the  usual  way. 

106  —  84-5  :  I06  —  96-4  : :  100  :  44-65  olive  oil 
106-84-5  :  96-4  -84-5  : :  100  :  55-35  sesame  oil 
170  -  52-5  :  170  -  84-5  :  :  100  : 72-7  lard  oil 
170-52-5  :  84-5-52-5  : :  100  :  27-2  linseed  oil. 

100  x  96-4=  (ioo  —  *)  84-5  +  106*  ....  (1). 

100  x  96-4=  (too— y)  106  +  84-57  ....  (2). 

Solving,  &c.,  *  =  55-35  sesame  oil 
7=44-65  olive  „ 

100  X  84-5  =  (100 -*)  52-5  +  170*  ....  (3). 

100  X  84-5  =  (100  —  y)  170  +  84-5*  ....  (4). 

*=27-2  linseed  oil 
y  =  72-8  lard  oil. 

Taking  the  results  of  (3)  and  (4) : — 

27-2  x  170  (iodine-absorption  for  linseed  oil)  =  4634 

72-8x52-5  ,,  „  lard  ,,  =  3822 

Adding  and  dividing  by  100 .  =84-56 

we  obtain  the  number  corresponding  to  the  iodine-absorp¬ 
tion  of  the  mixture. 

The  method  of  calculating  by  proportional  parts  is 
recognised,  and  no  doubt  admits  of  extensive  application 
in  chemical  analysis,  where  a  separation  is  tedious. 
Thus,  a  mixture  of  sodium  and  potassium  chlorides  can 
be  arithmetically  determined  by  first  chemically  fixing  on 
the  quantity  of  Cl  and  dividing  this  between  Na  and  K 
proportionally  to  their  atomic  weights  (Thorpe’s  “  In¬ 
organic  Analysis,”  art.  Indirect  Estimation  of  Na  and  K). 

I  take  the  examples  given  in  Chem.  News,  vol.  lxii., 
p.  125:  — 

42-8  iodine-absorption  due  to  olive  oil  and  53-6  due  to 
sesame  oil. 

?^J:  =  2-252  — -^  =  1798 

42-8  53-6 

Adding  these  ratios  =  4-05. 

2  252  x  I00_- _  se&ame  for  olive. 

4-05 

i  79_8  xjoo  _  44-4  _  0iive  f0r  sesame. 

4‘1  5 

In  order  to  follow  the  line  of  reasoning  which  forms  the 
basis  of  thesq  calculations,  we  must  bear  in  mind  that  the 
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figure  given  as  the  iodine-absorption  is  really  for  ioo 
parts  of  that  oil,  and  we  must  not  confound  the  iodine- 
absorption  as  the  weight  of  oil  required,  although,  of 
necessity,  it  is  a  measure  of  the  ratio  of  that  oil. 

The  general  result  is,  that  in  the  case  of  a  mixture  of 
two  oils,  if  we  use  the  Hubl  figure  or  value  of  absorption, 
we  must  reverse  the  proportion  as  regards  weights,  unless 
we  use  the  equations  i,  2,  3,  4,  which  are  sufficiently  self- 
evident  as  to  require  no  further  explanation.  The 
advantage  here  is  that  we  can  use  the  Hubl  figure  as 
at  present  understood;  and,  so  far  as  I  can  see  at  present, 
the  figure  is  independent  of  the  quantity  of  Hubl  reagent 
used. 


ON  THE  PRESERVATION  OF  SOLUTION 
OF  SULPHURETTED  HYDROGEN. 

By  A.  J.  SHILTON,  F.C.S. 

On  the  15th  of  November  last  I  published  in  the  Chemi¬ 
cal  News  a  note  on  the  use  of  glycerin  in  preserving 
sulphuretted  hydrogen  in  solution.  The  experiments  I 
quoted  showed  most  conclusively  that  glycerin  is  most 
beneficial  in  this  way,  and  it  occurred  to  me  that  certain 
other  analogous  substances  would  probably  adt  in  a 
similar  manner. 

I  have  made  rough  qualitative  trials,  which  prove  this 
to  be  the  case. 

About  five  months  ago  I  sealed  up  bottles  containing 
respectively — 

(a)  Sulphuretted  hydrogen  water. 

(b)  „  ,,  „  with  sugar. 

(c)  ,,  ,,  ,,  ,,  salicylic  acid. 

I  have  opened  these  to-day,  and  I  find  that  solution  (a) 
gives  no  reaction  \vith  lead  acetate,  and  is  entirely  free 
from  odour  ;  whilst  solutions  lb)  and  (c)  have  a  strong 
odour  of  the  gas,  and  yield  copious  precipitates  with  lead 
acetate.  I  am  at  present  engaged  in  further  experiments 
as  regards  the  action  of  other  bodies,  not  only  on 
sulphuretted  hydrogen,  but  also  on  other  gaseous  solu¬ 
tions.  The  amount  of  sugar  used  was  2  per  cent,  and  of 
salicylic  acid  1  per  cent. 


AN  APPARATUS  FOR  VAPOUR-DENSITY 
DETERMINATIONS. 

By  J.  A.  HARKER, 

Research  Student  in  the  Owens  College,  Manchester. 

Having  repeatedly  noticed  in  the  laboratory  exceedingly 
cumbersome  arrangements  for  vapour-density  determina¬ 
tions  according  to  Vidtor  Meyer’s  method,  I  thought  it 
worth  while  designing  a  convenient  portable  form  of 
apparatus  for  this  purpose.  The  stand  consists  of  an  iron 
rod  1  metre  high,  screwed  into  a  heavy  rectangular  iron 
base  about  25  x  17  c.m.  near  the  edge,  and  in  the  middle 
of  the  longer  side.  This  form  of  stand  gives  the  greatest 
stability.  Instead  of  the  usual  copper  cylinder,  a  small 
air-bath,  similar  to  those  described  by  Lothar  Meyer, 
serves  as  the  source  of  heat.  A  convenient  size  is 
30  c.m.  high,  having  the  inner  space  of  60  m.m.  diameter. 
The  pipe  of  the  ring  burner  is  16  m.m.  diameter,  and  has 
20  one-m.m.  holes,  at  a  distance  of  18  m.m.  apart.  The 
air-bath,  which  is  built  up  of  three  concentric  cylinders, 
is  mounted  on  an  iron  plate,  having  a  screw  by  which  it 
can  be  clamped  on  to  the  stand  at  any  height.  This  is 
much  more  convenient  than  the  usual  tripod.  The  air- 
bath,  when  intended  for  ordinary  use,  is  better  without 
an  asbestos  jacket.  The  temperature  without  a  jacket 
may,  with  the  burner  described,  be  varied  from  80°  to 
360°  C.,  and  with  a  jacket  of  asbestos  §  in.  thick  from  140° 
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to  460°.  With  the  small  flames  used  it  is  unnecessary  to 
mix  the  gas  with  air  before  burning.  No  smoking  takes 
place,  the  gas  consumption  at  the  highest  temperature 
being  only  about  2  feet  per  hour.  For  lower  temperatures 
than  8o°  C.  a  burner  with  fewer  holes  must  be  used.  As  a 
test  of  constancy  the  air-bath  was  lit,  and  the  temperature 
rose  in  ten  minutes  to  201°  C.  It  remained  for  an  hour 
between  this  temperature  and  202-5°  w’ithout  any  screen¬ 
ing  from  draughts,  and  without  either  regulator  or 
governor  on  the  gas  supply.  The  rest  of  the  apparatus 
consists  of  an  iron  table,  13  c.m.  diameter,  fastened  to  a 
rod,  fitting  the  boss  of  an  ordinary  clamp.  This  supports 
a  crystallising  dish  of  12  c.m.  diameter  and  5  c.m.  deep, 
holding  v/ater,  in  which  is  immersed  the  graduated  tube 
for  measuring  the  evolved  gas,  held  by  a  small  clamp.  A 
second  clamp  holds  the  vapour-density  tube,  w'hich 
should  have  the  capillary  limb,  on  which  a  small  bulb  is 
blown,  fastened  by  indiarubber,  and  not  rigid  as  usually 
supplied.  The  apparatus  has  been  tested  by  several 
people  and  found  satisfactory,  and  the  air-bath  described 
has  been  found  useful  for  many  purposes.  It  may  be 
provided  with  rings  to  partially  close  the  hole  at  the  top 
when  necessary.  The  complete  apparatus  may  be  ob¬ 
tained  from  Mr.  E.  Hargreaves,  Booth  Street  West, 
Manchester. 


NEW  CALEDONIAN  NICKEL  ORES. 

By  THOMAS  MOORE. 

Amongst  the  many  ore  deposits  and  formations  of  this 
island  few  are  probably  of  greater  interest,  either  from  a 
chemical  or  commercial  point  of  view,  than  those  of 
nickel.  The  nickeliferous  ere  commonly  known  as 
garnierite,  is  almost  invariably  found  either  in,  or  at  least 
in  close  proximity  to,  those  huge  masses  and  mountains 
of  serpentine  which  form  a  characteristic  feature  of  the 
place,  and  are  as  diversified  in  their  extent  as  in  their 
richness.  With  but  one  or  two  rare  exceptions  it  is  found 
only  on  elevated  positions,  often  at  the  very  summits  of 
the  mountains,  not  unusually  accompanied  by  chrome 
iron  ore,  and  surrounded  by  a  peculiar  red  earth  rich  in 
iron,  which  by  being  alternately  deluged  by  the  rains  and 
baked  by  the  sun  has  become  hardened  together  into  a 
compadt  mass.  The  nickeliferous  mountains  present  a 
very  bare,  sombre,  and  uninviting  appearance  ;  vegetation 
is  extremely  sparse  and  scanty,  and  the  few  stunted  shrubs 
growing  there  seem  only  to  intensify  the  barrenness  of 
the  dull  and  monotonous  region,  contrasting  strangely 
with  the  profuse  tropical  growth  on  the  lower  levels.  The 
colour  of  the  ore  varies  from  the  blue-green  in  the  poorer 
specimens  to  a  warm  dark  green  in  the  richer,  and  passing 
by  almost  imperceptible  shades  to  a  light  brown,  and, 
finally,  to  a  fine  chocolate  colour.  The  rich  ore  is  gene¬ 
rally  a  mechanical  mixture  of  apparently  homogeneous 
green  or  brown  substance,  with  rounded  pebbles  of  ser¬ 
pentine,  forming  a  kind  of  agglomerate,  or  it  is  intersti- 
tially  deposited  between  thin  layers  of  quartz,  steatite, 
and  various  hydrated  silicates  of  magnesium. 

Miners  recognise  three  varieties  of  the  ore,  i.e.,  quartz 
rich  green,  magnesia  rich  green,  and  the  brown  ore.  The 
first  is  characterised  by  the  large  amount  of  silica  it  con¬ 
tains,  generally  as  minute  glistening  crystals  of  quartz  or 
in  the  amorphous  condition.  The  magnesia  ore  contains 
only  a  small  quantity  ol  quartz,  but  a  very  considerable 
amount  of  magnesian  silicates,  and  has  a  paler  green 
colour  than  the  former.  The  brown  ore  is  the  least 
common  variety,  is  very  soft,  and  as  a  rule  contains  only 
small  quantities  of  quartz  and  magnesia,  but  much  ferric 
oxide.  Generally  speaking,  however,  they  are  classified 
into  the  green  and  the  brown  minerals. 

From  time  to  time  analyses  of  the  ore  have  been  pub¬ 
lished,  leading  to  a  variety  of  formulae  with  this  feature 
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only  in  common,  that  it  is  a  hydrated  silicate  of  nickel, 
in  which  the  nickel  is  replaced  to  a  greater  or  lesser 
extent  by  magnesia  or  oxide  of  iron.  Perhaps  the  various 
complicated  and  somewhat  contradidory  formulae  devised 
may  be  accounted  for  by  the  difficulty  in  obtaining  pure 
pieces,  and  that  the  finely  intermixed  quartz  may  have 
escaped  observation,  thus  giving  a  percentage  which  does 
not  truly  represent  the  combined  silica,  but  rather  that  of 
silica -p  quartz,  for  pieces  of  the  ore  which  to  the  eye 
appear  thoroughly  homogeneous  in  the  great  majority  of 
cases  give  an  amount  of  insoluble  silica  varying  from  2  to 
10  per  cent.  Nevertheless,  I  have  frequently  observed 
that  those  ores  containing  much  magnesia  give  differ¬ 
ences  in  analysis  which  do  not  agree  relatively  to  any 
distincft  formulae,  but  seem  rather  to  indicate  a  mixture 
of  silicates;  as,  however,  the  magnesia  diminishes  these 
differences  are  gradually  reduced,  and  the  composition 
then  becomes  more  constant,  and  more  closely  complies 
with  the  calculated  numbers,  except  for  the  combined 
water,  for  which  I  have  been  unable  to  find  a  constant 
fador.  Having  excellent  opportunities  for  procuring  pure 
specimens,  and  from  the  many  hundreds  of  analyses  made 
of  the  same,  there  seems  to  be  no  doubt  that  both  kinds 
of  ore  approach  very  nearly  to  hydrated  sesqui-silicates 
of  nickel,  giving  a  formula  of  7N:0,6Si02,;t'H20,  part  of 
the  nickel  in  the  green  ore  being  replaced  by  magnesia, 
oxide  of  iron,  or  alumina,  the  magnesia  predominating, 
whilst  in  the  brown  the  oxide  of  iron  is  in  excess.  The 
following  carefully  executed  analyses  of  both  ores  give 
only  the  amount  of  soluble  silica,  as  in  those  cases  when 
quartz  was  present  it  has  been  calculated  out: — 
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THE  PREPARATION  OF  BORAX  GLASS  BY 
THE  ACTION  OF  BORACIC  ACID  UPON 
SODIUM  CHLORIDE. 

By  H,  N„  WARREN,  Research  Analyst. 

Boracic  acid,  as  is  well  known,  when  in  solution  is  readily 
replaced  by  all  other  acids,  but  when  in  a  fused  condition 
existing  as  boric  anhydride,  an  almost  exadtly  reversed 
adtion  is  presented,  replacing  even  to  a  considerable 
extent  such  acids  as  sulphuric,  phosphoric,  and  others  of 
a  similar  stability.  The  adtion  obtained  thus  by  intro  ■ 
ducing  boric  anhydride  into  fused  sodium  chloride  is 
attended  by  the  slow  expulsion  of  gaseous  hydrochloric 
acid,  together  with  an  equivalent  of  fused  borax.  This 
readtion  is  in  every  way  more  produdtive,  however,  when 
boracic  acid  is  introduced  in  place  of  the  anhydrous 
compound  ;  and  in  condudting  the  experiments  a  pound  of 
common  salt  was  maintained  in  the  fused  condition, 
while  about  half  its  quantity  of  boracic  acid  was  generally 
thrown  on  to  its  surface.  On  each  fresh  addition  of  acid 
clouds  of  HC1  were  evolved,  and  a  considerable  quantity 
of  apparently  fused  borax  was  left  floating  upon  the  sur¬ 
face  of  the  remaining  salt.  This  after  cooling  was  readily 
detached  from  the  surrounding  salt  by  breaking  the  crust, 
leaving  a  large  fused  glassy  nucleus  absolutely  free  from 
sodium  chloride,  but  containing  besides  borax  upwards  of 
50  per  cent  of  fused  boric  anhydride.  Since  apparently 
the  moist  acid  afforded  the  best  results,  the  addition  of 
steam  was  resorted  to,  and  injeded  during  the  process  of 
fusion.  This  undoubtedly  raised  the  percentage  of  borax 
to  about  80  per  cent,  still  leaving  a  considerable  excess  of 
boric  anhydride,  and  mechanically  volatilising  a  consider¬ 
able  quantity  of  boracic  acid.  The  remaining  experiments, 
which  were  carried  out  more  elaborately,  consisted  mainly 
in  exposing  to  different  grades  of  temperature  mixtures 
in  different  proportions  of  the  two  compounds,  and  sup¬ 
plying  superheated  steam.  With  these,  as  in  the  former, 
however,  too  large  a  quantity  of  boracic  acid,  together 
with  the  difficulties  in  regulating  the  process,  have  up  to 
the  present  prevented  its  pradical  use. 

Everton  Research  Laboratory, 

18,  Albion  Street,  Everton,  Liverpool. 


Determination  of  Lithia  in  Mineral  Waters. 


Nos.  1  and  2  represent  the  composition  of  the  green 
ore.  The  colour  is  a  fine  brilliant  grass-green.  Hardness, 
2—3.  Specific  gravity,  3-00.  Streak  light  green,  waxy 
lustre,  and  slightly  translucent  at  the  thin  edges.  Before 
the  blowpipe  the  colour  darkens,  becoming  dark  olive 
green  ;  in  presence  of  much  ferric  oxide,  red. 

Nos.  3,  4,  5,  and  6  give  the  composition  of  different 
brown  ores.  The  colour  varies  from  light  brown  to  a 
deep  sometimes  slightly  translucent  chocolate ;  streak 
yellow  or  brownish  yellow;  the  fradure  is  conchoidal, 
with  a  very  strong  resinous  lustre.  Hardness  and  specific 
gravity  about  the  same  as  the  green  ore,  and  rather  more 
brittle.  The  very  light  brown  species  (No.  6)  bear  a 
great  resemblance  to  limonite,  and  are  so  soft  as  to  be 
easily  marked  by  the  nail.  They,  however,  do  not  appear 
to  belong  to  the  same  class  of  ores  as  mentioned  above, 
as  the  silica  fluctuates  with  the  nickel  and  magnesium 
oxides,  and  is  sometimes  very  low,  as  little  as  5  per  cent 
is  not  unusual.  A  fad  worth  noting  in  connedion  with 
oxide  of  iron  deposits  is,  that  although  containing  oxide 
of  chromium  up  to  8  per  cent,  they  are  easily  and  entirely 
soluble  in  warm  dilute  hydrochloric  acid. 

Exposed  to  the  adion  of  the  weather  all  these  ores 
gradually  crumble  to  a  powder,  the  brown  exhibiting  this 
to  a  more  marked  extent  than  the  green.  They  are  easily 
dissolved  by  hot  hydrochloric  acid,  and  the  silica  which 
separates  out  does  not  take  the  gelatinous  condition.  Up 
to  the  present  no  trace  of  crystalline  charader  has  been 
found,  although  some  magnesia-rich  specimens  occa¬ 
sionally  present  an  appearance  similar  to  asbestos. 

Thio,  New  Caledonia,  July  30, 1890. 


DETERMINATION  OF  LITHIA  IN  MINERAL 
WATERS* 

By  E.  WALLER,  Ph.D 
(Concluded  from  p.  174). 

Gooch’s  test  experiments  with  mixtures  of  pure  salts  may 
be  here  quoted,  arranged  in  a  form  slightly  different  from 
that  given  in  his  paper.  The  Li2S04  obtained  was 
calculated  back  to  LiCl  in  every  case.  The  error  is 
noticeably  greater  in  the  presence  of  potassium  chloride. 


Ex.  pt. 
No. 

Conditions. 

LiCl  taken. 

23  •• 

NaCl 

only 

Single 

0'i2g8 

gnu. 

24  .. 

)» 

it 

extr’n 

0-1227 

It 

32  .. 

it 

a 

Double 

0-1287 

it 

33  •• 

it 

1 1 

extr’n 

o'I347 

it 

26  . . 

KC1 

only 

Single 

0-1256 

a 

27  .. 

n 

>> 

extr’n 

0-1287 

11 

34  •• 

a 

t  i 

Double 

0-1125 

)  1 

35  •• 

a 

it  , 

extr’n 

0-1251 

a 

Errors  in  cor¬ 
rected  weight  of 
LiCl  found. 

o'oooz  —  grm. 

O’O0O2  —  ,, 

o'oooy—  ,, 
o-ooo  6+  ,, 
o'oooS—  ,, 

O'OOIO-  ,, 
0-0003+  „ 

0-00011+  ,, 


The  average  of  these  errors  is  o’oooi-  with  a  range 
from  o-ooi-  to  o'ooii  +  ,  or  if  we  calculate  to  the 
equivalent  in  LiITC03  from  o-ooi6—  to  0-00176  +  ,  a 
difference  of  0-00376  grm. 
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The  process  has  the  advantage  that  the  sodium  and 
potassium  chlorides  are  left  in  a  condition  for  the  deter¬ 
mination  of  those  bases,  in  which  case,  however,  an 
allowance  must  be  made  for  the  small  amounts  dissolved 
by  the  amyl  alcohol  which  was  heated  with  the  chlorides. 
One  disadvantage  of  the  process  is  to  be  found  in  the 
fumes  of  the  amyl  alcohol,  which,  even  in  a  well- ventilated 
laboratory,  is  a  source  of  great  discomfort  to  most 
analysts. 

The  small  amount  of  water,  ioo  to  200  c.c.,  that  can  be 
used  for  this  process  is  advantageous,  though  for  those 
accustomed  to  the  use  of  the  phosphate  process,  the 
amount  seems  hardly  large  enough  to  give  a  fair  average, 
and  to  average  on  a  lajger  amount  requires  the  concentra¬ 
tion  of  the  LiCl  by  extraction  with  alcohol  or  alcohol  and 
ether.  In  some  of  the  first  trials  made  with  the  process, 
the  amount  of  mixed  chlorides  experimented  upon  con¬ 
siderably  exceeded  0-2  grm.,  probably  nearer  i-o  grm., 
and  in  some  cases  more.  This  was  because  Prof.  Gooch’s 
paper  seemed  to  imply  that  the  operation  might  be 
reasonably  expected  to  be  successful  when  applied  to 
quantities  ordinarily  handled  in  analytical  work.  In  the 
case  of  one  water  it  did  prove  so,  but  with  another  water, 
containing  more  lithia  as  well  as  alkaline  salts,  it  was  not. 
The  removal  of  all  the  water  in  the  manner  described  was 
a  matter  of  extreme  difficulty,  and  curiously  enough,  a 
limit  seemed  to  be  reached,  beyond  which  the  LiCl  was 
extracted,  but  slowly  and  with  great  difficulty.  The  re¬ 
sults  may  prove  interesting. 

The  alkaline  salts  from  two  equal  quantities  of  a  water, 
each  lot  amounting  to  between  one  and  two  grms.,  were 
treated  as  described  : — 

Obtained  from  A  0-2400  grm.  Li2S04,  from  B  0-2354  Li2S04. 
Found  in  insolu¬ 
ble  part.  f.  A  0-0974  „  „  0-0943  >1 


Total  ..  0-3374  „  0-3297  „ 

The  control  process  used  in  this  case  was  Carnot’s 
fluoride  method,  which  cannot,  however,  be  regarded  as 
absolutely  free  from  imperfections.  It  is  as  follows: — 
The  mixed  alkaline  chlorides,  after  evaporation  nearly  to 
dryness,  are  extracted  with  a  mixture  of  about  equal 
volumes  of  alcohol  (of  90  per  cent  or  over)  and  ether,  so 
as  to  obtain  the  LiCl  comparatively  free  from  the  others. 
It  was  found  most  convenient  to  add  the  alcohol  ether 
mixture,  and  allow  to  stand  for  some  time  with  frequent 
stirring,  and  then  after  standing  over  night  to  filter 
through  a  small  filter  and  wash  with  alcohol ;  one  ex¬ 
traction  will  often  suffice.  A  second  extraction  may, 
however,  be  necessary,  the  work  being  of  course  con¬ 
trolled  by  the  indications  of  the  spectroscope.  After 
evaporating  off  the  alcohol  and  ether,  the  salts  are  dis¬ 
solved  in  the  least  possible  quantity  of  water,  and  filtered 
into  a  weighed  platinum  dish.  The  filtrate  and  washings 
should  then  be  concentrated  to  small  bulk  (5  or  10  c.c.) 
ana  pure  ammonium  fluoride  and  ammonia  added ;  after 
thorough  mixing,  the  dish  is  set  aside  over  night  for  the 
LiF  to  precipitate.  The  solution  is  then  decanted 
through  a  small  filter,  and  the  precipitate  is  washed  by 
decantation  three  or  four  times  (5  to  7  c.c.  at  a  time)  with 
a  solution  consisting  of  the  reagent  mixed  with  5  to  10 
times  its  bulk  of  ammonia  ;  between  decantations  the 
solution  must  be  allowed  to  stand  some  little  time  with 
stirring.  The  bulk  of  filtrate  and  washing  (30  to  50  c.c.) 
is  noted,  the  filter-paper  and  contents  placed  in  the  dish, 
sulphuric  acid  added,  and  heat  applied  until  the  paper  has 
been  incinerated,  and  the  lithium  converted  to  sulphate, 
in  which  form  it  is  weighed.  To  this  weight  is  added 
o'ooqo  grm.  for  every  7  c.c.  of  filtrate  and  washings,  and 
the  result  estimated  as  Li2S04  is  calculated  to  Li, 
LiHC03,  &c.,  according  to  the  requirements  of  the  case. 

Care  is  necessary  in  preparing  the  reagent  and  wash 
liquor. 

Carnot  seems  to  have  found  that  the  ammonium 
fluoride  ordinarily  supplied  for  laboratory  use  is  the  only 
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member  of  the  combination  liable  to  contain  impurities 
which  would  interfere  (chiefly  fluosilicic  acid,  which 
might  precipitate  alkaline  fluosilicates),  but  experiments 
have  shown  that  ammonia  which  has  been  standing  for 
some  time  in  contaCt  with  glass  will  give  a  cloud  (pre¬ 
sumably  ammonium  fluosilicate)  with  a  mixture  of  solu¬ 
tions  of  ammonium  fluoride  and  ammonia  after  boiling 
and  filtering  clear.  This  solution,  so  long  as  it  contains 
a  fair  amount  of  free  ammonia,  appears  to  be  without 
action  upon  glass.  It  has  been  found  advisable,  there¬ 
fore,  to  make  up  (and  cork  up)  the  reagent  and  washing 
solution  some  time  beforehand,  and  to  filter  off  such 
portions  as  may  be  required  at  the  time  of  using. 
Naturally,  it  is  necessary  to  use  for  the  final  filtration  a 
filter-paper  which  has  been  extracted  with  hydrofluoric 
acid.  Schleicher  and  Schull’s  papers  were  found 
satisfactory  in  this  connedtion.  Carnot  also  recommends 
that  the  resulting  Li2S04  should  be  dissolved  in  40  to  50 
c.c.  of  water,  and  a  test  made  for  the  presence  of  mag¬ 
nesium,  which  may'  have  remained  with  the  alkaline 
chlorides.  If  any  is  is  found  to  be  present,  it  must  be 
determined  as  phosphate,  and  a  corredtion  made  ac¬ 
cordingly. 

In  connedtion  with  this  process  it  was  observed  that 
lithium  sulphate  ignited  in  contadt  with  the  carbon  of  the 
filter-paper  is  especially  prone  to  reduce  to  sulphide,  and 
especial  caution  is  necessary  at  this  stage  of  the  opera¬ 
tion.  The  sulphide,  when  heated  in  contadt  with  the 
platinum,  attacks  it  in  a  very  marked  manner. 

The  process  seems  to  be  very  good,  although  not  rapid. 

Its  tendency  is  to  yield  results  a  little  high,  apparently 
because  the  allowance  for  solubility  is  usually  larger  than 
the  adtual  amounts  of  precipitate  dissolved.  Test 
analysis  tended  to  show  also  that  unless  the  amounts  of 
potassium  and  sodium  chlorides  present  with  the  lithia 
are  kept  within  narrow  limits,  the  results  will  be  high. 

Unfortunately  a  number  of  the  tests  and  comparison 
experiments  with  these  methods  have  not  yet  been  com¬ 
pleted,  and  will  have  to  be  deferred  to  a  second  com¬ 
munication. 

In  order  to  test  these  methods  upon  water  containing 
lithia,  samples  of  several  of  the  best  known  and  widely 
advertised  waters  were  purchased  and  submitted  to  ex¬ 
amination. 

The  results  were  somewhat  surprising,  and  showed 
unquestionably  that  either  the  original  analyses,  on  the 
strength  of  which  those  waters  are  now  sold,  were 
erroneous  on  account  of  imperfection  in  the  methods  used, 
or,  what  is  more  probable,  that  the  proportions  of  lithium 
in  those  waters  are  liable  to  great  fluctuations. 

The  results  given  were  chiefly  obtained  by  Carnot’s 
fluoride  method,  but  were  in  several  cases  confirmed  by 
the  use  of  other  methods.  The  most  scrupulous  care  was 
exercised  to  be  sure  of  obtaining  all  of  the  lithium  in  the 
waters  under  examination,  the  spe.Ctroscopic  indications 
having  been  used  at  every  stage  of  the  process. 

In  the  Farmville  Lithia  Water,  purchased  at  the  office 
of  the  company,  no  lithium  could  be  detected  by  the 
spectroscope  on  moderate  amounts  of  the  water.  On 
evaporating  eight  litres  of  the  water,  and  treating  in  the 
manner  described  for  the  concentration  of  the  lithia  into 
a  solution  of  small  bulk,  a  lithia  line  was  obtained  in  the 
spectroscope,  but  the  amount  was  found  to  be  too  small 
to  permit  of  a  quantitative  estimation.  The  experiment 
was  repeated  with  ten  litres  of  the  water,  with  essentially 
the  same  result. 

With  the  Buffalo  Lithia  Water  the  reaction  for  lithium 
was  more  distinct,  when  considerable  quantities  of  the 
water  were  concentrated.  From  twenty  litres  of  the 
water  was  obtained  lithium  sulphate  corresponding  to 
0-0185  part  LiHC03  per  100,000. 

In  Londonderry  Water  the  lithia  reaction  could  be  ob¬ 
tained  without  great  difficulty.  Analysis  of  the  water 
purchased  by  myself  showed  a  little  over  4  parts  per 
100,000.  The  company  puts  up  some  of  the  water  in  half¬ 
gallon  bottles  not  charged  with  C02,  and  also  some  in 
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Designation  of  water,  &c. 

Farmville  Lithia,  half  gallon  bottles  . 

»  99  . . 

Buffalo  Lithia,  half  gallon  bottles  .. 

99  99  ••  . 

Londonderry  Lithia,  half  gallon  bottles  . 


LiHCO,. 


(half  gallon,  Dr.  E.) 


l8j 


Total  solids 

Loss  on 

Non- 

Used  for 

Per 

Grs. 

“\ 

Gtf. 

per  100,000. 

ignition. 

volatile. 

determination. 

100,000. 

U.S.  gal. 

Imp.  gal. 

.  16-4 

II 

I5’3 

8-oL 

trace 

trace 

trace 

— 

— 

io-oL 

J  J 

99 

n 

•  93'2 

6’5 

88-7 

20‘oL 

0-0185 

O’OII 

0-013 

— 

— 

20'oL 

0-0135 

0-008 

o-oog 

••  3735 

225 

35'1 

io-oL 

4-17! 

2-432 

2-920 

— 

— 

io'oL 

4‘°75 

2-376 

2-852 

— 

— 

2‘oL 

4-130 

2-408 

2-8gr 

)  •  — 

— 

— 

2-oL 

4'129 

2-407 

2-890 

— 

•  - 

4'oL 

4'°74 

2-376 

2-851 

1  5-i 

10 

4'1 

i-oL 

none 

none 

none 

pint  bottles  (called  in  their  circulars  “  sulpho-carbonated  ”), 
which  is  charged  with  C02,  and  has  also  received  the 
addition  of  some  salts.  The  amounts  of  salts  added 
appears  to  somewhat  irregular.  For  instance,  the 
following  results  were  obtained  (results  given  in  parts  per 
100,000) : — 


Total  Loss  on 
solids,  ignition. 

Londonderry,  half-gallon  bottles  (aver.)  37'35  2-25 

,,  pint  bottle,  A .  149-4  4'9 

»  ..  B .  104-2  4-5 

Average  of  eleven  others .  224-7  6-4 


The  variations  in  the  eleven  bottles  were  221-3  to  231-4 
for  total  solids.  The  proportion  of  lithium  was  essentially 
the  same  as  for  the  still  water. 

I  was  told  that  several  lots  of  water,  purporting  to  come 
from  these  springs,  had  at  times  appeared  on  the  market 
in  which  no  lithia  could  be  detected.  As  I  learned  that 
Dr.  Endemann  had  obtained  some  water  of  that  kind,  I 
requested  him  to  send  me  a  bottle.  He  complied,  and 
although  the  bottle  bore  all  the  labels  and  marks  similar 
to  those  purchased  by  myself,  no  lithia  could  be  detected 
in  it.  The  water  contained  5-2  parts  total  solids  per 
100,000.  I  have  heard  of  others  who  had  similar  ex¬ 
periences. 

I  naturally  desired  to  obtain  samples  of  these  waters 
diredt  from  the  springs,  taken  by  some  one  whom  I  knew 
to  be  disinterested.  Attempts  thus  far  have  been  un¬ 
successful.  In  the  case  of  the  Londonderry  springs,  all 
access  is  denied  to  visitors,  and  applications  for  water  are 
referred  to  the  bottling  establishment  in  Nashua. 

Of  all  the  waters  examined  purporting  to  be  natural,  the 
Saratoga  Hathorn  proved  to  be  the  strongest  in  lithia. 
The  result  of  tests  on  this  water  are  not  at  present  in 
such  form  that  they  can  be  here  recorded,  but  it  suffices 
to  say  that  the  water  contains  fully  as  much  as  the 
analyses  call  for  (12  to  14  parts  LiHC03  per  100,000, 
corresponding  to  7  or  8  grains  per  U.S.  gallon). 

Tests  were  also  made  on  the  waters  manufadtured  and 
sold  by  Carl  H.  Schultz  as  containing  lithia.  They  were 
found  to  contain  a  little  more  lithia  than  claimed.  E.g., 
the  formula  on  his  “  Vichy  with  Lithia,”  calls  for  an 
amount  corresponding  to  about  57  parts  LiHC03  per 
100,000.  The  analyses  showed  60  to  62  parts. 

The  results  enumerated  may  be  tabulated  as  above. 


NOTES  ON  HIGH  VACUA.* 

By  J.  SWINBURNE. 

I. 

In  a  series  of  Papers  on  “Incandescent  Lamp  Manu¬ 
facture,”  contributed  to  The  Electrician  in  1887,  I  called 
attention  to  the  great  superiority  of  the  Geissler  to  the 
Sprengel  form  of  mercury  pump.  Several  kinds  of  Sprengel 


pump  were  successively  connected  to  a  Geissler,  and  both 
were  worked  at  the  same  time.  The  Sprengel  invariably 
stopped  taking  air  down  before  the  Geissler,  in  fadt  the 
Geissler  never  stops.  It  ads  as  its  own  McLeod  gauge, 
and  never  indicates  a  perfect  vacuum.  The  probable 
reason  why  the  merits  of  the  Geissler  have  been  so  under¬ 
rated  is  that  it  needs  the  greatest  care  in  securing  perfect 
dryness  of  the  bulb  and  valve.  Not  only  will  traces  of 
water-vapour  condense  under  the  floating  valve  instead  of 
lifting  it  and  going  through,  but  it  is  probable  air  does  so 
too.  About  a  century  ago  Davy  showed  that  if  the  mer¬ 
cury  were  allowed  to  run  up  gently  in  sn  imperfed 
Torricellian  vacuum,  a  bubble  was  left ;  but  if  allowed  to 
rise  suddenly,  it  indicated  a  perfed  vacuum,  the  air  being 
condensed  against  the  glass.  In  the  lamp  Papers  I 
described  a  form  of  pump  which  avoids  the  difficulties  due 

Fig.  1.  Fig.  2. 


R 


to  small  condensations.  The  main  bulb  discharges  into  a 
small  chamber  sealed  by  a  little  V  tube,  so  that  a° pressure 
of  1/100  A  would  move  the  mercury.  This  chamber  ex¬ 
hausts  into  a  larger  globe,  exhausted  mechanically  and 
sealed  by  a  floating  valve.  The  small  chamber  is  thus 
as  thoroughly  exhausted  as  an  ordinary  pump  can  pump 
it  ;  but  the  pump  proper,  exhausting  into  high  vacuum, 
can  thus  work  better.  The  condensed  air  and  water 
cannot  expand  back  into  it.  It  is  thus  really  a  double 
pump,  or  two  mercury  pumps  in  series.  The  only  draw¬ 
back  is  that  it  needs  some  pressure  to  open  the  first  valve 
or  sealing,  so  that  there  might,  after  all,  be  some  con¬ 
densation  under  it.  I  have  lately  devised  and  used  a 
pump  made  as  follows  a  (see  Fig.  1)  is  the  body  or 
chamber  of  the  pump  proper.  This  exhausts  into  the 
small  chamber  B,  sealed  by  the  valve  c,  and  this  exhausts 
into  the  chamber  g,  sealed  by  the  floating  valve,  h.  g  is 
connected  to  a  reservoir  and  mechanical°air-pump.  The 
valve  c  has  a  long  thin  glass  rod  passing  down  through 
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A  into  the  lower  tube,  which  adts  as  a  guide.  A  loose 
sleeve,  f,  is  strung  on  this  rod.  There  is  a  swelling  at  e 
which  fits  the  lower  end  of  the  sleeve,  and  is  small  enough 
to  pass  through  the  neck  in  putting  the  pump  together. 
When  the  mercury  rises  in  the  globe  A  it  lifts  the  sleeve 
till  the  lower  end  catches  on  e,  which  closes  it.  The 
mercury  rises  and  floats  the  sleeve,  thus  lifting  the  valve 
c.  The  mercury  that  sealed  c  then  runs  out,  and  there 
is  a  clear  passage  through  intoB;  so  no  condensation 
takes  place  in  a.  The  mercury  rises  till  it  floats  h. 
When  it  falls,  the  valve  c  adts  again,  for  the  mercury 
has  filled  the  sleeve  F  over  the  top,  and  c  is  heavy  enough 
to  sink  the  sleeve  and  rod  when  the  sleeve  is  full  of 
mercury.  I  have  tried  eledtro-magnetic  and  other  arrange¬ 
ments,  but  this  is  the  best  as  far  as  I  have  gone. 

When  using  a  pump  it  is  best  not  to  let  air,  and 
perhaps  moisture,  run  through  it  more  than  can  be 
helped.  By  the  use  of  a  sort  of  syphon  it  is  possible  to 
seal  on  new  work  to  be  exhausted  without  letting  the 
air-pressure  into  the  pump. 

The  point  k  (see  Fig.  2.)  is  the  barometric  height  at 
which  the  mercury  normally  stands  in  the  tube  r.  There 
is  then  a  clear  passage  between  l,  which  is  connedted  to 
the  tubes  to  be  exhausted,  and  m,  which  goes  to  the 
drying  tubes  and  pump.  When  a  tube  has  been  sealed  off 
and  a  new  one  is  to  be  put  on,  the  mercury  reservoir  at 
the  foot  of  the  arrangement  is  laised  so  that  the  bulb  n  is 
filled.  A  tap  at  the  foot  of  the  tube  r  is  closed  and  the 
vacuum  in  l  is  broken.  The  mercury  then  runs  up  to  the 
new  barometric  height  p.  The  new  tube  is  then  sealed  on 
and  exhausted  by  a  mechanical  pump,  the  connection 
being  then  sealed  off.  The  mercury  in  the  long  tube  then 
stands  only  half  an  inch  or  so  above  that  in  N,  and  on 
opening  the  tap  at  the  foot  of  r,  the  communication  is 
made  again  to  the  pump.  The  small  bulb  o,  and  the 
trap  at  the  top  are  to  prevent  a  plug  of  mercury  from  going 
round  into  the  phosphoric  tubes. 

The  pump  is  driven  by  water  so  as  to  be  self  adting,  and 
can  be  left  running  for  any  length  of  time.  Those  who 
have  worked  much  with  mercury  pumps  will  realise  the 
value  of  this.  Nothing  makes  one  feel  the  futility  of  life 
more  than  to  exhaust  something  by  band  which  cracks  at 
the  last  stage,  when  five  hours  of  life  have  been  ticked  cff. 

II. 

In  the  same  Papers  on  lamp-making  I  urged  that  the 
methods  of  measuring  high  vacua  were  inaccurate  and 
completely  misleading.  The  McLeod  gauge  and  the 
induction  coil  are  usually  relied  on  for  testing  vacua.  In 
incandescent  lamp  work  the  induction  coil  is  almost  ex¬ 
clusively  used.  With  the  test  by  induction  sparks,  I  have 
at  present  nothing  new  to  add,  and  will  confine  myself 
to  the  McLeod  gauge.  In  measuring  vacua  with  this 
gauge  it  is  assumed  that  the  mercury  itself  has  no  vapour 
tension.  The  vapour  tension  of  mercury  has  been  given 
by  Regnault  as  about  50  millionths  of  an  atmosphere.  If 
it  is  anything  like  this,  of  course  a  vacuum  of  one 
millionth,  or  of  0^005  millionth,  as  some  experimenters 
profess  to  have  reached,  is  absurd.  When  discussing  this 
subjedt,  at  the  Society  of  Arts  after  Dr.  S.  P.  Thompson’s 
well-known  Paper  on  “  Mercury  Pumps,”  Prof.  Ramsay 
gave  o’25  millionth  of  an  atmosphere,  or,  as  I  shall  write 
it  shortly,  o-25M,  as  the  vapour  tension  of  mercury  at 
ordinary  temperatures. 

The  whole  adtion  of  a  pump  is  consistent  with  a  vapour 
tension  of  from  25  to  50M.  A  Geissler  does  not  reduce 
the  pressure  in  geometrical  progression  ;  but  when  it  gets 
a  good  vacuum  it  takes  out  very  little  air  each  stroke, 
worked  fast,  and  much  more  if  worked  slowly.  This  looks 
as  if  when  the  tension  of  mercury  vapour  was  nearly 
reached,  the  air  taken  out  at  each  stroke  was  what  dif¬ 
fused  into  the  mercury  vapour.  This  would  also  explain 
why  a  Geissler,  wh  ch  goes  on  long  after  a  Sprengei  stops, 
does  not  so  readily  make  a  sparkless  tube.  A  Sprengei 
stirs  up  the  mercury,  and  gives  the  tube,  being  exhausted, 


more  chances  of  getting  filled  with  mercury  vapour,  which 
is  a  non-condudtor.  This  also  explains  why  so  many  ex¬ 
perimenters  get  better  vacua  with  hot  mercury.  Of  course 
a  new  pump  should  be  heated  to  get  the  moisture  off  the 
glass,  but  not  when  it  is  in  ordinary  use. 

To  test  this  more  diredtly  I  attached  two  McLeod  guages 
to  the  same  pump.  They  communicated  till  a  fair  vacuum 
was  reached.  One  was  then  sealed  by  raising  the  mercury 
past  the  elbow  tube.  The  gauges  were  allowed  to  com¬ 
municate  by  lowering  the  mercury  every  now  and  then, 
and  it  was  always  lowered  before  taking  a  reading.  By 
this  arrangement,  when  the  pressure  was  reduced  nearly 
to  the  vapour  pressure  of  mercury,  one  guage  might  have 
little  but  mercury  vapour,  and  show  a  good  vacuum  ;  while 
the  other  had  air  at  the  same  pressure,  and  showed  a 
pressure  equal  to  the  vapour  tension  of  mercury,  or  nearly 
so.  The  guages  are  graduated  by  finding  /  v  correspond¬ 
ing  to  one-millionth  of  an  atmosphere,  and  graduating 
accordingly.  The  pressure  in  millionths  is  then  the  produdt 
of  the  reading  on  the  closed  tube  and  the  difference  in  the 
column.  Each  reading  is  thus  readily  taken  at  several 
pressures  to  make  sure  there  is  no  condensation  of  any 
vapours  or  gases.  The  readings  obtained  varied  in  an  ex¬ 
traordinary  way.  When  the  exhaustion  was  carried  so 
far  that  the  open  guage  registered  2M  or  3M,  the  closed 
registered  from  20M  to  60M.  The  least  difference  in 
temperature  seems  to  make  a  large  difference  in  the 
readings.  In  some  cases,  when  the  vacuum  was  still  low, 
the  open  gauge  was  heated  till  the  mercury  sputtered,  and 
condensed  about  the  bulb.  The  bulb  was  then  warmed  to 
evaporate  the  mercury  and  drive  all  the  air  out,  and  the 
elbow  tube  sealed  by  raising  the  mercury.  When  the 
guage  was  cool  both  were  unsealed  and  readings  taken. 
The  gauge  that  had  been  warmed  sometimes  gave  iM 
against  no  less  than  230M  in  the  other.  Ten  minutes’ 
conne&ion  generally  brought  the  readings  equal. 
Obviously  the  movement  of  the  air  need  not  depend  on 
diffusion  only  ;  for  a  very  small  difference  of  temperature 
would  cause  mercury  to  evaporate  in  one  gauge  and  con¬ 
dense  in  the  other,  driving  the  air  with  it. 

I  made  a  gauge  with  an  alloy  of  about  equal  parts  of 
potassium  and  sodium,  which  is  liquid  at  ordinary  tem¬ 
peratures.  It  would,  of  course,  absorb  any  mercury 
vapour,  and  has  probably  a  low-vapour  tension.  It  was 
very  troublesome,  for  it  could  not  be  exposed  to  the  air  for 
a  moment,  and  heavy  hydrocarbons  would  prevent  the 
pump’s  working.  The  alloy  always  gets  some  moisture, 
and  gets  coated  with  a  thin  film  of  oxide  which  prevents 
drops  from  uniting,  and  they  can  only  be  run  together  by 
heating  under  a  hydrocarbon  of  low  boiling-point.  I 
eventually  got  the  gauge  fitted  up,  but  the  alloy  adted  on 
the  film  of  moisture  on  the  glass,  and  the  bubbles  formed 
seemed  to  drive  plugs  of  it  about.  It  has  a  very  low 
specific  gravity,  and  pistons  of  it  began  to  stray  about 
inside  the  pump,  and  I  was  afraid. they  might  get  to  the 
mercury,  and  by  combining  explosively,  smash  the  pump,  so 
the  experiment  was  abandoned.  In  one  experiment  a  plug 
of  the  alloy  wandered  into  the  mercury  in  R  and  cracked 
the  tube. 

Fusible  alloy  was  next  tried.  It  worked  better,  but  the 
vapours  of  some  sulphur  that  was  used  to  trap  any 
mercury  vapour  blackened  the  surface,  and  only  two 
readings  were  obtained.  These  gave  a  pressure  of  only 
I3'5M  as  the  vapour  tension  of  mercury. 

Whether  it  is  really  13M  or  50M  is  of  comparatively 
little  importance;  but  there  seems  to  be  quite  enough 
evidence  that  the  readings  of  o-oiM  and  higher  vacua  that 
have  been  given  are  inaccurate  to  the  extent  of  some 
hundreds  of  thousands  per  cent.  This  is  important  in 
many  investigations  pursued  by  means  of  mercury  pumps ; 
forinstance,  experiments  on  the  “  Fourth  State  of  Matter.” 
The  question  is  also  important  in  lamp  making,  as  it  shows 
that  better  vacua  are  possible,  and  they  may  be  an  ad¬ 
vantage.  I  do  not  know  whether  pumps  worked  with 
alloy  of  sodium  and  potassium  will  come  into  commercial 
use. 
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THE  PRESENT  POSITION  OF  THE  HYDRATE 
THEORY  OF  SOLUTION.* 

By  SPENCER  UMFREVILLE  PICKERING,  M.A.,  F.R.S. 

It  is  but  four  years  since  this  Section  devoted  a  day  to 
the  discussion  of  the  Nature  of  Solution  ;f  since  then, 
however,  the  general  aspeCt  of  the  question  and  the  posi¬ 
tion  of  the  advocates  of  the  two  rival  theories  have  under¬ 
gone  such  a  complete  change,  that  in  renewing  the 
discussion  we  shall  run  but  little  risk  of  going  over  the 
same  ground  which  we  then  trod.  At  Birmingham,  Dr. 
Tilden  opened  the  discussion  by  passing  in  review  all  the 
well-known  and  long-known  fads  which  might  by  any 
possibility  throw  some  light  on  the  nature  of  solution,  and 
those  who  followed  him  in  the  discussion  each  gave  the 
interpretation  of  these  fads  which  harmonised  best  with 
his  own  views,  and,  as  the  fads  themselves  were  sus¬ 
ceptible  of  several  different  interpretations,  the  not 
surprising  result  followed  that  each  disputant  departed 
holding  precisely  the  same  opinions  which  he  had  brought 
with  him.  Since  then,  however,  each  party  has  obtained, 
or  thinks  that  he  has  obtained,  positive  evidence  in  favour 
of  his  own  views;  evidence  which,  if  upheld,  must  be 
accepted  as  conclusive,  or  which  must  be  overthrown 
before  his  opponents  can  claim  the  vidory.  The  supporters 
of  the  hydrate  theory  claim  that  the  curved  figures  repre¬ 
senting  the  properties  of  solutions  of  various  strengths 
show  sudden  changes  of  curvature  at  certain  points, 
which  are  the  same  whatever  be  the  property  examined, 
which  correspond  to  the  composition  of  definite  hydrates, 
and  which,  therefore,  can  only  be  explained  by  the  presence 
of  these  hydrates  in  these  solutions  ;  while  the  supporters 
of  the  physical  theory,  now  identified  with  the  supporters 
of  the  osmotic  pressure  theory,  claim  to  have  shown  that, 
with  weak  solutions  at  any  rate,  the  dissolved  substance 
obeys  all  the  laws  which  are  applicable  to  gases,  and  that, 
therefore,  its  molecules  must  be  uninfluenced  by,  and  un¬ 
combined  with,  those  of  the  solvent. 

In  another  resped  also  I  may  notice  that  our  position 
to-day  differs  considerably  from  what  it  was  four  years 
ago  ;  for  instead  of  having  to  argue  the  matter  out  amongst 
ourselves,  as  we  did  then,  we  are  now  favoured  with  the 
presence  of  some  of  those  whose  work  in  this  very  subjed 
has  made  their  names  familiar  household  words  with  every 
physicist  and  chemist  throughout  the  scientific  world. 

I  propose  in  the  first  place  to  give  a  brief  summary  of 
the  evidence  which  has  lately  been  adduced  in  favour  of 
the  hydrate  theory,  and  in  the  second  place  to  inquire 
whether  the  conclusions  drawn  from  this  evidence  are 
invalidated  by  the  important  fads  elucidated  by  Raoult, 
van ’t  Hoff,  Arrhenius,  and  Ostwald. 

In  one  resped  the  supporters  of  the  hydrate  theory  start 
now  under  a  distind  advantage,  namely,  that  their  most 
adive  opponents  do  not  altogether  deny  the  existence  of 
hydrates  in  solution,  although  it  is  only  in  the  case  of 
strong  solutions  that  they  will  admit  their  presence;  in 
such  solutions,  indeed,  it  is  difficult  to  see  how  their  pre¬ 
sence  could  possibly  be  denied.  The  only  means  which 
vve  have  of  proving  that  a  liquid  is  a  definite  compound  is 
by  ascertaining  whether  its  composition  remains  unaltered 
by  its  passage  through  the  gaseous  or  solid  condition— by 
fradionating  it  by  means  of  distillation  or  crystallisation. 
With  liquids  of  comparatively  small  stability,  such  as 
hydrates,  crystallisation  is  the  only  method  available  ;  the 
results  of  crystallisation  have  led  us  to  conclude  that  the 
liquid  represented  by  H2S04  is  a  definite  compound, 
and  precisely  similar  results  must  force  us  to  accept 
the  definiteness  of  the  liquids  H2S04S03,  H2S04H2Q, 
and  H2S044H20  :  in  the  case  of  each  of  them 
the  liquid  freezes  as  a  whole,  and  without  change  of 
composition;  the  temperature  remains  constant  through- 
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out  the  solidification,  and  any  excess  of  either  water  or 
sulphuric  anhydride  which  may  have  been  added  may  be 
separated  from  the  pure  compound,  which  alone  crystal¬ 
lises  from  the  mixture.  Thus,  in  the  instance  taken, 
between  the  anhydride  on  the  one  hand  and  water  on  the 
other,  we  have  four  definite  compounds,  all  existing  in  the 
liquid  condition. 

It  does  not  follow,  however,  that  every  hydrate  which 
exists  in  solution  can  necessarily  be  obtained  in  the  solid 
condition  ;  probably  no  solution,  even  when  it  possesses 
the  exaCt  composition  of  some  existing  hydrate,  consists  of 
that  hydrate  only,  but  of  a  mixture  of  it  with  the  products  of 
its  dissociation  (though  the  amount  of  these  may  be  very 
small),  and  whetlier  the  hydrate  or  one  of  these  dissocia¬ 
tion  products  crystallises  out  on  cooling  must  depend  on 
the  relative  ease  with  which  the  bodies  in  question  assume 
the  solid  condition  ;  when  the  hydrate  does  not  crystallise 
easily  we  can  hope  to  obtain  evidence  of  its  presence  by 
indirect  means  only. 

Mendeleeff’s  conclusions  respecting  the  densities  of 
solutions  of  sulphuric  acid  and  alcohol,*  mistaken  though 
I  believe  they  were,  led  to  the  discovery  of  the  means 
whereby  such  evidence  might  be  obtained. 

He  stated  that  on  plotting  out  the  rate  of  change  of 
the  densities  with  the  percentage  composition  of  the  solu¬ 
tion  (the  first  differential  coefficient)  he  got  a  series 
of  straight  lines,  forming  figures  with  well-marked  breaks, 
at  points  corresponding  to  definite  molecular  proportions ; 
but  on  plotting  out  the  experimental  points  which  he  said 
formed  these  figures,  it  is  impossible  to  see  any  justifica¬ 
tion  for  this  statement ;  in  the  case  of  sulphuric  acid  the 
points  and  Mendeleeff’s  drawing  of  them  have  been  given 
side  by  side  in  the  Trans.  Chem.  Soc.,  1890,  p.  81,  and  in 
the  case  of  alcohol  they  will  be  found  in  the  Zeit.f.  Phys. 
Client.,  v i . ,  i. ,  10.  Crompton  then  showed, f  from  an  ex¬ 
amination  of  Kohlrausch’s  values  for  the  eleCtric  con¬ 
ductivity  of  sulphuric  acid  solutions,  that  a  second 
differentiation  might  in  some  cases  be  necessary  before 
redtilineal  figures  with  breaks  in  them  were  obtained.  In 
my  own  work  on  various  properties  of  solutions  of  the  acid 
I  have  made  free  use  of  this  process  of  differentiation,  but 
I  have  combined  it  with,  and  now  nearly  entirely  rely  on, 
an  examination  of  the  original  curves  with  the  help  of  a 
bent  ruler. 

In  the  Phil.  Mag.,  1890,  vol.  i.,  p.  430,  will  be  found 
rough  sketches  of  the  figures  representing  the  densities, 
contraction  on  formation,  eledtric  conductivity,  expansion 
by  heat,  heat  of  dissolution,  and  heat  capacity  of  the 
solutions,  and  in  the  Trans.  Chem.  Soc.,  1890,  p.338,  that 
representing  the  freezing-points.  In  some  cases,  such  as 
the  freezing-points  of  solutions  of  near  58  and  100  per  cent, 
strength,  a  mere  inspection  of  the  figure  enables  us  to 
locate  the  position  of  abrupt  changes  of  curvature  ;  in 
general,  however,  the  recognition  of  such  changes  is  more 
difficult.  On  attempting  to  draw  any  of  these  figures  with 
the  help  of  a  bent  ruler  it  was  found  that  the  whole  figure 
could  only  be  drawn  in  several  sections,  and  it  was  also 
found  that  each  section  thus  drawn  consisted  of  a  single 
curve  of  a  parabolic  nature,  although  a  ruler,  when  bent 
by  the  pressure  exerted  by  the  two  hands,  by  no  means 
necessarily  forms  a  parabola  ;  and,  moreover— and  this  is 
the  most  important  part  of  the  evidence — it  was  found 
that  these  figures,  though  differing  so  greatly  in  their 
general  appearance,  all  split  up  into  the  same  number  of 
sections,  indicating  the  existence  of  changes  of  curvature 
at  the  same  points  ;  and,  further  still,  these  points  cor¬ 
responded  to  solutions  of  definite  molecular  composition 
in  all  cases  where  the  ratio  of  the  acid  to  the  water  was 
sufficiently  large  to  render  any  such  comparison  possible; 
the  average  difference  between  the  composition  indicated 
by  the  changes  of  curvature  and  that  of  definite  hydrates 
was  only  o-o57H20.  With  weak  solutions  it  is,  of  course, 
impossible  to  assert  that  the  changes  occur  at  definite 
molecular  proportions  owing  to  the  smallness  of  the  change 
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in  percentage  composition  which  would  be  caused  by  an 
additional  molecule  of  water  to  each  H2SO4,  but  the 
changes  with  these  weak  solutions  are  of  precisely  the 
same  character  as  those  with  strong  solutions,  and,  unless 
some  strong  evidence  to  the  contrary  be  forthcoming,  we 
must  attribute  them  to  the  same  cause. 

To  discuss  fully  the  value  of  the  evidence  thus  obtained 
would  take  me  more  hours  than  I  can  now  afford  minutes; 
but  I  think  that  I  may  say  that  these  results  stand  at 
present  unquestioned  and  incontroverted,  and  that  unless 
they  can  be  controverted  we  must  accept  the  presence  of 
hydrates  in  solution  as  having  been  proved.  I  may  also 
add  that  my  results  with  sulphuric  acid  solutions  have 
been  strengthened  by  obtaining  analogous  results  with 
solutions  of  several  other  substances  :  that  one  of  the 
hydrates  indicated  by  them  has  been  proved  to  exist  by 
isolating  it  in  the  crystalline  condition  :  and  lastly,  that 
a  law  governing  the  freezing-points  of  solutions  has  been 
formulated,  according  to  which  we  can  calculate  within 
experimental  error  the  freezing-point  of  any  solution, 
whatever  its  strength  may  be,  provided  we  acknowledge 
the  existence  of  every  hydrate  which  my  work  has  indi¬ 
cated  ;  whereas,  if  we  deny  the  existence  of  these,  the 
freezing  points  calculated  according  to  this  or  any  other 
law  show  such  divergences  from  the  found  values  that  all 
semblance  of  agreement  disappears.  I  am  indeed  labour¬ 
ing  under  no  small  disadvantage  in  attempting  to  support 
the  hydrate  theory  when  the  greater  part  of  the  evidence 
existing  in  favour  of  it  is  as  yet  unpublished. 

Before  proceeding  to  the  second  part  of  my  subject  I 
wish  to  draw  attention  to  the  great  complexity  of  some  of 
the  hydrates  which  my  work  has  indicated,  as  well  as  to 
the  faCt  that  the  indications  of  sudden  changes  are  no¬ 
where  more  marked  than  they  are  with  these  very  weak 
solutions.  The  changes,  which  are  observed  in  the  heat 
of  dissolution  curve  from  5  per  cent  downwards,*  afford  a 
good  illustration  of  this  latter  faCt  ;  or,  again,  the  freezing- 
points  of  weak  solutions  may  be  instanced!  where  the  rate 
of  fall  from  o  to  07  per  cent  is  a  quarter  as  great  again 
as  it  is  from  0-07  to  ro  per  cent.  The  complexity  of  the 
hydrates  indicated  is  so  great  that  in  the  extreme  cases 
they  must  be  represented  as  containing  several  thousand 
H20  molecules,  and  the  suggestion  of  such  complexity 
will  no  doubt  prejudice  many  against  my  conclusions  in 
general — though  on  what  grounds  I  know  not,  for  we  are 
entirely  in  ignorance  at  present  as  to  the  possible  com¬ 
plexity  of  liquid  molecules.  It  is  interesting  to  note  that 
a  similar  complexity  of  molecular  grouping  must  be 
admitted  if  we  accept  Raoult’s  original  statement  that  one 
molecule  of  any  substance  dissolved  in  100  molecules  of  a 
solvent  lowers  the  freezing-point  of  this  latter  by  about 
0'63c:  for,  if  this  be  so,  we  must  assign  to  the  molecules 
of  the  various  substances  entered  in  the  second  column  of 
Table  I.  the  magnitude  there  indicated  when  they  are  dis¬ 
solved  in  the  solvent  named  in  the  first  column,  for  it 
requires  that  proportion  of  these  bodies  to  lower  the 
freezing-point  of  100  molecules  of  the  solvent  by  0  63“ ; 
and,  amongst  these  few  instances  which  I  have  collected 
from  my  own  determinations,  we  find  molecular  aggregates 
containing  as  many  as  200  of  the  fundamental  molecules, 
and  even  this  number,  I  may  mention,  probably  under¬ 
states  the  complexity  to  a  very  considerable  extent;  for 
the  depression  in  this  and  some  of  the  other  cases  had  to 
be  estimated  from  that  observed  with  solutions  containing 
as  much  as  10  grms.  molecular  proportions  to  100  of  the 
solvent,  and  the  molecular  depression  increased  rapidly 
with  the  strength  of  the  solution  :  ioooH20  would 
probably  be  a  low  estimate  of  the  complexity  of  the  mole¬ 
cules  of  water  when  dissolved  in  a  large  excess  of  the 
hexhydrate  of  calcium  chloride,  a  complexity  comparable 
with  that  of  the  hydrates,  which  my  other  work  has 
indicated,  and  that  too  in  the  case  of  that  very  substance 
which  these  hydrates  contain — water. 


Table  I. 


Molecular  Weights 
Solvent 


of  Substances  in  various  Solvents.* 

Dissolved  substance  producing 
0*63°  depression,  f 


iooH2S04H20 
iooH2S  044H20 
ioo(CaN03)24HaO 
iooCaCI26H20 


32H20 

63H2S04 

8H20 

I5H2S04 

goH20 

42Ca(N03)2 

2ioH20 

63CaCl2 


Now  as  to  the  question  of  how  far  the  theory  of  osmotic 
pressure,  and  the  results  on  which  it  is  based,  are 
antagonistic  to  the  hydrate  theory :  and  let  me  first  define 
clearly  the  position  which  I  take  in  this  matter.  I  do  not 
for  one  moment  call  in  question  any  of  Raoult’s  classical 
work,  which  is  now  so  familiar  to  us,  nor  do  I  question 
that  these  results  reveal  the  existence  of  a  depression  of 
the  freezing-point  which  is  approximately  and  generally 
constant  ;  and  I  consequently  admit  that  we  can  generally 
obtain  an  approximately  correct  value  for  the  molecular 
weight  of  the  substance  by  observing  the  depression  which 
it  causes  ;  nor,  again,  do  I  wish  to  question  the  correctness 
of  the  mathematical  relationship  which  van’t  Hoff  and 
Arrhenius  have  shown  to  exist  between  osmotic  pressure, 
the  lowering  of  the  freezing-point,  and  other  properties, 
provided  we  accept  the  fundamental  assumptions  on 
which  their  calculations  are  based— the  truly  gaseous 
nature  of  dissolved  matter,  and  the  dissociation  of  salts 
into  their  ions.  But  what  I  do  question  is  that  the  faCts 
of  the  case  warrant  such  assumptions,  and  that  the  con¬ 
stancy  and  regularity  of  the  results  are  so  rigorous  as  to 
justify  the  conclusion  that  the  solvent  has  no  adtion  on  the 
dissolved  substance,  and  that  there  are  no  irregularities 
such  as  would  be  caused  by  the  presence  of  hydrates. 

According  to  the  osmotic  pressure  theory,  the  dissolved 
matter,  so  long,  at  any  rate,  as  it  is  not  present  in  greater 
quantity  than  it  would  be  in  the  same  volume  of  its  gas, 
if  it  were  gasified  under  normal  conditions,  is  really  in  the 
gaseous  condition,  and  obeys  all  those  laws  which  apply 
to  gases.  According  to  the  hydrate  theory  this  will  be 
but  partially  true.  That  the  dissolved  substance  is  in  a 
condition  comparable  with  that  of  a  gas  in  so  far  as  the 
separation  of  itsown  particles  from  each  other  is  concerned, 
must  be  admitted — indeed,  I  arrived  independently  at  this 
same  conclusion  from  a  study  of  thermo-chemical  data — 
but  inasmuch  as  there  is  present  the  solvent,  which  we 
believe  is  not  an  inactive  medium,  its  molecules  cannot 
have  the  same  freedom  as  if  they  were  truly  gaseous,  and 
will,  therefore,  obey  the  laws  of  gases  imperfectly  only. 

If  will  be  well  to  confine  our  attention  to  but  one  of 
those  properties  connected  with  osmotic  pressure,  and  to 
seleCt  for  that  purpose  the  one  which  has  been  most  fully 
investigated — the  lowering  of  the  freezing-point  of  a 
solvent  :  and  the  tests  which  may  be  applied  to  ascertain 
whether  in  producing  this  lowering  the  dissolved  substance 
behaves  as  a  perfect  gas  or  not,  may  be  grouped  under 
three  principal  headings  : — 

1.  Is  the  molecular  depression  (i.e.  that  produced  as 
calculated  for  one  molecule  dissolved  in  100  molecules) 
constant  independent  of  the  nature  of  the  solvent  ? 

2.  Is  it  independent  of  the  strength  of  the  solution,  so 
long  as  this  strength  does  not  exceed  the  limits  (“  gas  ” 
strength)  above  mentioned  ?  (Boyle’s  law.) 

3.  Is  it  independent  of  the  nature  of  the  dissolved  sub¬ 
stance?  (Avogadro’s  law.) 

In  the  Phil.  Mag.,  1890,  vol.,  i.  p.  495,  will  be  found  in¬ 
stances  of  the  variation  in  the  molecular  depression  which 
may  be  noticed  by  altering  the  solvent  (see  also  Table  I. 
above).  With  water  in  six  different  solvents  it  varied 


*  Other  instances  of  high  molecular  weights  are  mentioned  by 
Brown  and  Morris  ( Chem .  Soc.  Trans.,  18S8),  and  Gladstone  and 
Hibbert  (Phil.  Mag.,  1S89,  vo1.  ii.,  p.  38). 
f  Determined  from  the  freezing-points  of  very  weak  solutions. 


*  Chem.  Soc.  Trans.,  1890,  p.  137 
t  Ibid.,  p.  343. 


c%T?oXo*’}  Present  Position  of  the  Hydrate  Theory  of  Solution. 


Fig.  i.— Deviation  from  Regularity  of  the  Freezing-points  of  Very  Weak 

Solutions. 


Fig,  2. — Freezing-points  of  Sulphuric  Acid  and  Alcohol  Solutions. 

Mols.  (C2H60)2  to  iooH20. 


between  i'oj20  and  o'oo^0 ;  with  sulphuric  acid  in  four 
different  solvents  between  2-ig  and  o'oi0;  with  calcium 
chloride  in  two  different  solvents,  from  27730  to  o'oi0 ; 
and  with  calcium  nitrate  in  two  solvents,  from  27°  to 
0  015°  i  while  many  instances  may  be  collected  from 
Raoult’s  data  showing  that  the  same  substance  which  atfts 
normally  in  one  solvent  may  adt  abnormally  (give  only 
half  the  usual  depression)  in  another.  Such  variations  are 
so  great — from  100  to  35,600  per  cent — that  there  can  be 
no  doubt  but  that  the  solvent  is  not  that  inert  medium 
which  the  supporters  of  the  physical  theory  would  have  it 
to  be,  but  that  it  has  a  very  great  influence  on  the  results 
obtained.  It  must  be  noted,  however,  that  this  objection, 
though  applying  to  Raoult’s  original  views,  does  not,  or, 
at  any  rate,  may  not,  apply  to  van ’t  Hoff’s  theory,  for,  ac¬ 
cording  to  this  theory  the  nature  of  the  solvent  has  an 
influence  in  determining  the  lowering  of  the  freezing-point, 
W  in  van’t  Hoff’s  equation, — 

st  =  0.,02T! , 


representing  the  heat  capacity  of  the  solvent.  But  the 
lowering  is  according  to  this  equation  independent  of  the 
nature  or  the  amount  of  the  dissolved  substance,  so  that 
ths  two  following  obje&ions  will  apply  to  van  ’’t  Hoff’s 
theory  as  well  as  to  Raoult’s  statement. 

Secondly,  as  to  the  influence  of  the  strength  of  the 
solution.  It  is  remarkable  that  although  the  osmotic 
pressure  theory  depends  on  the  behaviour  of  solutions 
below  a  certain  strength,  no  attempt  whatever  has  been 
made  by  its  supporters  to  obtain  any  data  respecting  such 
solutions.  The  data  on  which  their  views  were  founded 
referred  to  solutions  considerably  stronger  than  the  re¬ 
quisite  “  gas  strength,”  and  though,  no  doubt,  it  was 
convenient  to  work  with  data  which  afforded  a  ready 
excuse  for  any  awkward  irregularities  which  might  be  met 
with,  such  data  must  lack  the  conclusiveness  which  is  so 
eminently  desirable.  The  few  data  which  I  have  accumu¬ 
lated  as  to  solutions  of  an  “  ideal  ”  strength  can  leave  no 
doubt  that,  even  in  their  case,  the  depression  is  not  a 
constant  independent  of  the  strength. 

A  solution  of  sulphuric  acid  Containing  o'o8H2SO.,, 


W 


A  nthmetical  Physics 


(  Chemical  News, 
l  0<5t.  io,  1890. 


188 


iooH20  would  be  of  a  strength  comparable  with  the  gas 
from  the  acid  if  it  could  be  gasified  at  normal  pressure  and 
temperature,  and  the  molecular  depression  should  be  con¬ 
stant  for  all  solutions  below  this  strength  :  it  should  be 
represented  by  a  horizontal  line  such  as  AB  in  Fig.  1, 
whereas  the  observed  deviations  from  constancy  are  very 
great,  being  represented  by  the  lines  marked  H2SOA ;  and, 
moreover,  these  deviations  are  by  no  means  regular,  and 
cannot  therefore  be  attributed  to  imperfeCt  gasification  ; 
they  possess  none  of  the  characteristics  of  the  deviations 
of  gases  from  Boyle’s  law.  The  determinations  on  which 
these  results  are  based  are  very  numerous  ;  there  are  about 
sixty  experimental  points  on  the  portion  here  shown,  and 
the  mean  error  of  each  point  as  determined  in  two  different 
ways  was  only  opooo5°,  a  quantity  represented  by  one- 
tenth  of  one  of  the  divisions  of  the  paper  ;  and  the  devia¬ 
tions  from  the  regularity  amount  to  thirteen  times  this 
quantity,  and  to  as  much  as  16  per  cent  of  the  total 
depression  measured. 

The  other  lines  in  Fig.  1  represent  the  deviations  from 
regularity  in  the  case  of  calcium  chloride,  calcium  nitrate, 
and  alcohol  respectively,  and  these,  though  they  are  smaller 
than  in  the  case  of  sulphuric  acid,  are  far  too  great  to  be 
attributed  to  experimental  error;  and  the  faCt  that  they 
occur  sometimes  in  one  direction,  sometimes  in  the  other, 
precludes  the  possibility  of  attributing  them  to  any  con¬ 
stant  source  of  error  in  the  instruments  used  or  in  the 
method  adopted. 

Remembering  that  these  are  the  only  data  which  we 
have  at  present  respecting  very  weak  solutions,  we  must 
conclude  that  the  hypothesis  that  such  solutions  exhibit 
perfect  regularity  is  wholly  untenable. 

It  is  important  to  observe  that  when  we  pass  on  to 
Stronger  solutions,  where  the  aCtual  magnitude  of  the 
deviations  becomes  so  great  that  they  would  be  revealed 
by  the  roughest  experiments — deviations  of  even  700— and 
where,  I  believe,  even  the  supporters  of  the  osmotic  pres¬ 
sure  theory  would  not  hesitate  to  attribute  them  to  the 
disturbing  influence  of  hydrates  ;  these  deviations  occur 
in  precisely  the  same  irregular  manner  as  they  do  in  the 
case  of  weak  solutions,  and  must  evidently  be  attributed 
to  the  same  cause.  The  results  with  alcohol  given  in 
Fig.  2  illustrate  these  irregularities  in  a  very  striking 
manner.  It  must  also  be  pointed  out  that,  apart  from  the 
irregularity  of  these  deviations,  their  very  direction  shows 
that  they  cannot  be  attributed  to  the  dissolved  particles 
being  brought  within  the  sphere  of  each  other’s  attraction, 
as  in  the  case  of  the  deviation  of  gases  from  Boyle’s  law, 
for  the  result  of  this  would  be  that  their  attraction  on  the 
particles  of  the  solvent  would  be  diminished  and  the 
freezing  -  point  of  this  latter  would  consequently  be 
lowered  to  an  abnormally  small  extent,  whereas  precisely 
the  reverse  is  the  case  in  nearly  every  instance  at  present 
investigated:  the  freezing-points  of  strong  solutions  are 
abnormally  low.  Various  instances  of  this  will  be  found 
in  the  Phil.  Mag.,  1890,  vol.  i. ,  p.  500,  that  of  sulphuric 
acid,  which  is  illustrated  here  in  Fig.  2,  being  by  no 
means  the  most  prominent ;  while  the  case  of  alcohol, 
now  for  the  first  time  displayed  (Fig.  2),  is  the  only  ex¬ 
ception  which  has,  so  far,  been  met  with,  and  that  is  an 
exception  only  in  the  case  of  excessively  strong  solutions. 

From  the  instances  above  mentioned,  some  answer  may 
be  obtained  to  the  third  question,  whether  the  molecular 
depression  is  independent  of  the  nature  of  the  dissolved 
substance.  The  values  obtained  with  these  four  sub¬ 
stances,  taking  solutions  of  a  strength  corresponding  to 
that  of  their  gases,  are: — 


Calcium  chloride  . 2,85o° 

Calcium  nitrate . 2'74+° 

Sulphuric  acid . 2‘3i3° 

Alcohol  . Z'iSo0 


a  variation  of  30  per  cent,  which  must  give  an  emphatic 
denial  to  the  idea  of  absolute  constancy  ;  and  if  we  take 
instances  from  other  substances,  where  the  data  available 


refer  to  solutions  of  somewhat  greater  strength,  we  find 
that  the  very  substances  on  which  the  idea  of  constancy 
was  originally  founded  show  variations  reaching  60  per 
cent  [Phil.  Mag.,  1890,  vol.  i.,  p.  492),  while  in  other 
cases,  which  I  have  quoted  elsewhere  ( loc .  cit.,  p.  493),* 
the  variation  attains  the  still  larger  dimensions  of  260  per 
cent. 

To  every  one,  therefore,  of  the  three  test  questions  as 
to  constancy  and  regularity,  the  experimental  results 
give  an  unhesitating  negative. 

In  the  instances  quoted  above  the  depression  actually 
found  for  alcohol  has  been  doubled  in  order  to  simplify 
the  comparison  of  it  with  the  other  substances.  Alcohol 
belongs  to  that  class  of  bodies  which  give  just  half  the 
value  in  water  that  the  majority  do,  and  of  which  there 
are  some  instances  in  the  case  of  every  solvent  yet  ex¬ 
amined.  The  explanations  which  the  supporters  of  the 
chemical  and  physical  theories  give  of  these  half  values 
differ  so  radically  from  each  other  that  it  is  hopeless  to 
attempt  to  arrive  at  any  agreement  as  to  the  nature  of 
solution  till  this  difference  is  settled.  The  chemists  say 
that  these  half  values  are  in  all  cases  the  abnormal  ones, 
just  as  Raoult  did  originally,  and  explain  them  by  repre¬ 
senting  the  molecules  of  the  dissolved  substances  which 
give  them  to  consist  of  two  fundamental  molecules.  The 
physicists  give  exactly  the  same  explanation  in  the  case 
of  every  solvent  except  water,  but  in  this  case  they  say 
that  the  smaller  values  are  the  normal  ones,  and  the 
larger  the  abnormal,  the  double  magnitude  of  these  being 
caused  by  the  dissociation  of  the  dissolved  molecule  into 
its  two  ions,  whereby  two  molecules  or  aCting  units  are 
formed  from  every  one  originally  added. 

(To.be  continued). 
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Book  D  ;  or,  Arithmetical  Physics.  Part  I.  B.  Acoustics, 

Light,  and  Heat  (Degree  and  Honours  Stages).  By  C. 

J.  Woodward,  B.Sc.  London:  Simpkin  and  Marshall. 

Birmingham  :  Cornish  Brothers. 

This  work  is  most  distinctly  examinational,  and  as  such 
it  must  excite  in  the  mind  of  the  critic,  not  “  alarm,”  but 
regret  and  disappointment.  We  feel  anxious  to  know  the 
real  value  of  the  method  of  teaching  chemistry  and 
physics  which  the  author  is  carrying  out  in  his  series  of 
“  Educational  Works.”  We  feel  very  dubious  in  how  far 
it  can  train  the  student  in  the  art  of  observing  rightly 
and  of  drawing  correct  inferences  from  thephenomena  thus 
observed.  We  fear  that  this  system  of  teaching  science 
is  one  of  the  many  results  of  examinationalism.  We 
cannot  by  any  examination  questions  hitherto  devised 
test  the  power  of  the  student  in  detecting  phenomena, 
observing  them  correCtly,  and  tracing  them  to  their 
causes.  Hence  examinationalists,  ff  they  must  teach  the 
physical  sciences,  enter  upon  a  bye-path  better  suited  to 
their  entire  system.  We  fear  that  this  is  a  mere  trifling 
with  the  demand  for  scientific  education.  The  first  point 
surely  should  be  to  perfect  the  student  as  an  observer ; 
the  second,  to  train  him  up  in  the  art  of  tracing  effects  to 
their  causes,  or  rather,  perhaps,  of  harmonising  the 
phenomena  observed.  But  this  does  not  lend  itself  to  the 
examinational  system.  Hence  the  demand  of  the  age  is 
evaded.  We  entertain  grave  doubts  whether  works  of 
the  type  in  question  are  calculated  to  train  students 
either  in  the  acute  observation  or  in  the  accurate  inter¬ 
pretation  of  phenomena.  But  if  the  examinational  system 
is  to  be  retained  at  all  hazards,  they  will,  of  course,  have 
i  their  value. 


*  The  depression  produced  by  H20  in  iooH2S04  is  1-07°  instead  of 
ox?"'  as  there  given. 
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CORRESPONDENCE. 


THE  FELLOWSHIP  OF  THE  CHEMICAL 
SOCIETY. 

To  the  Editor  of  the  Chemical  News. 

Sir, — A  circular,  signed  by  Messrs.  F.  J.  Lloyd  and  F.  L. 
Teed,  has  been  sent  round  to  the  members  of  the  Chemical 
Society.  It  calls  attention  to  the  fadt  that  the  Fellowship 
of  the  Society  has  in  the  past  been  given  to  persons  who 
have  very  small  title  to  be  considered  chemists.  The 
circular  goes  on  to  state  that  in  consequence  of  this  adtion 
on  the  part  of  the  Electors  of  the  Chemical  Society,  the 
Fellowship,  regarded  as  a  professional  qualification,  has 
fallen  into  disrepute,  and  is  likely  in  the  future  to  become 
less  and  less  considered  as  an  evidence  of  its  holder’s 
scientific  training  and  ability. 

To  remedy  this  state  of  affairs,  it  is  proposed  that  in 
future  more  stringent  regulations  shall  be  enforced  by  the 
present  members,  which  shall  exclude  the  eledtion  of  any 
candidates  for  the  Fellowship  unless  they  can  show  what 
may  be  considered,  on  broad  grounds,  suitable  qualifica¬ 
tions  ;  and  by  the  general  tone  of  the  circular,  it  is  evident 
that  these  suitable  qualifications  are  intended  to  be  of  a 
scientific  nature,  and  not  the  more  ordinary  qualifications 
as  to  character  and  ability  to  pay  the  Society’s  subscrip¬ 
tion. 

I  hope  that  you  will  afford  me  room  to  express  some 
objections  which  I  hold  to  the  position  Messrs.  Lloyd  and 
Teed  have  taken  on  this  question. 

The  chief  advantages  which  the  Chemical  Society  offers 
to  its  Fellows  may,  I  think,  be  found  in  the  admirable 
Journal,  the  library,  and  the  opportunity  afforded  for  the 
reading  and  discussion  of  papers,  and  for  intercourse 
between  men  interested  in  the  science  of  chemistry;  it 
was  for  these  or  similar  purposes  that  the  Society  was 
formed,  and  I  believe  it  was  never  intended  that  its 
Fellowship  should  be  in  any  way  regarded  as  a  scientific 
qualification.  The  chief  objedt  was  the  advancement  of 
the  science.  Now,  the  library  and,  above  all,  the  Journal, 
which  improves,  one  might  almost  say,  from  month  to 
month,  cannot  be  condudtfcd  without  money,  and  as  this 
money  is  obtained  from  the  subscription  of  the  Fellows, 
any  limitation  of  their  numbers  on  any  other  ground  than 
that  of  character  and  financial  ability  to  pay  the  subscrip¬ 
tions  is,  from  this  point  of  view,  most  unwise.  If  people 
having  small,  or  even  absolutely  no,  scientific  qualifica¬ 
tions,  but  who  are  able  to  pay  their  subscriptions,  and  do 
not  fall  short  of  the  ordinary  requirements  as  to  character, 
wish  to  become  members  of  the  Chemical  Society,  it  is 
certainly  an  advantage  rather  than  otherwise  to  the 
scientific  member  who  appreciates  his  Journal  and  the 
library. 

It  is  no  doubt  quite  true  that  persons  having  practically 
no  knowledge  of  chemistry  have  joined  the  Society  merely 
with  the  intention  of  using  the  mystic  letters  F.C.S.  as  an 
advertisement.  This  is  an  abuse,  and  several  courses  of 
adtion  which  might  be  taken  to  nullify  the  evil  readily 
suggest  themselves.  The  method  proposed  in  the  circular 
will  certainly  not  succeed.  Adtion  of  this  kind  will  con¬ 
firm  the  position  of  any  unqualified  persons  who  may 
already  be  Fellows.  The  Chemical  Society  having  com¬ 
mitted  itself  to  the  policy  of  considering  the  conferment  of 
its  Fellowship  as  a  recognition  of  scientific  training  (for 
this  is  what  the  proposed  adtion  muse  do),  individuals  of 
this  class  already  holding  it  will  benefit  immensely  :  unless, 
indeed,  it  is  proposed  to  proceed  to  the  drastic  measure  of 
turning  out  present  members,  a  course  which  I  presume 
is  hardly  contemplated.  It  is,  perhaps,  not  generally 
known  that  there  is  at  present  no  legal  means  by  which 
any  person  can  be  prevented  from  placing  the  letters 
F.C.S.  after  his  name,  and,  moreover,  as  any  one  can 
become  a  Fellow  of  the  Berlin  Chemical  Society  by 
merely  paying  his  subscription,  he  is  then  able  to  place  I 
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F.C.S.  Berlin,  after  his  name,  which  probably  will  have 
quite  as  much,  or  perhaps  even  greater,  weight  with  the 
outside  public  than  the  more  sober  F.C.S.  It  is  particu¬ 
larly  for  the  protection  of  the  outside  public  that  these 
new  regulations  are  proposed.  The  scientific  man  knows 
very  well  how  to  take  care  of  himself. 

If  means  are  taken  to  make  it  as  widely  known  as 
possible  that  the  Fellowship  of  the  Chemical  Society  is  no 
guarantee  whatever  of  the  attainments  of  the  holder,  the 
resignation  of  some  few  who  look  upon  its  possession  as 
having  a  merely  commercial  value  in  return  for  their  £2 
per  annum,  may  follow ;  but  the  many  who,  as  students 
or  amateurs,  would  be  excluded  by  the  more  rigorous 
tests  proposed  will  remain  members,  and  it  is  sincerely 
to  be  hoped  that  in  the  future  they  will,  as  they  have  done 
in  the  past,  continue  to  join  the  Society.  Surely  persons 
sufficiently  interested  in  chemistry  to  value  the  Chemical 
Society’s  Library  and  Journal  possess  all  the  qualifications 
which  should  be  required  for  the  spread  and  advancement 
of  the  science. 

If  there  were  any  danger  that  the  class  of  persons  to 
whom  the  circular  refers  could  at  any  time  obtain  a 
management  of  the  affairs  of  the  Society  it  certainly  would 
be  a  matter  of  the  greatest  importance :  but  surely  a  danger 
of  this  kind  cannot  be  seriously  considered  as  ever  likely 
to  occur. 

Lastly,  what  class  of  persons  can  consider  themselves 
aggrieved  if  the  Fellowship  of  the  Chemical  Society  comes 
to  be  no  longer  considered  as  a  qualification  ?  The  pure 
scientist  or  professional  man  of  any  status  depends  to  a 
certain  extent  perhaps  upon  his  college  degrees,  but 
chiefly  upon  his  adtual  position,  the  practical  or  theoretical 
work  he  has  undertaken,  and  upon  his  past  record 
generally.  The  practical  analyst  or  technologist  has  the 
Institute  of  Chemistry,  which  gives  a  qualification  that 
cannot  be  assumed  by  outsiders  without  they  lay  them¬ 
selves  open  to  legal  adtion,  which  the  officers  of  the 
Institute  would  be  prompt  to  initiate.  The  Institute  has 
been  formed  to  discharge  the  very  fundtions  with  which 
now  it  is  sought  to  burden  the  Chemical  Society  (which 
has  very  different  aims  and  duties).  The  qualifications 
demanded  by  the  Institute  from  applicants  for  the 
Associateship  or  Fellowship  are  not  unduly  stiff,  certainly 
not  more  so  than  those  required  from  the  medical  student 
before  he  is  permitted  to  pradtise.  In  short,  chemists  who 
are  interested  in  this  matter  will  do  well  to  exert  them¬ 
selves  to  uphold  the  Fellowship  of  the  Institute  of 
Chemistry  as  being  a  guarantee  of  scientific  training ; 
whilst  every  means  must  be  taken  to  spread  among  the 
public  the  knowledge  that  the  Fellowship  of  the  Chemical 
Society  is  no  evidence  whatever  (nor  was  ever  intended  as 
such)  of  an  individual’s  training  or  capacity. — I  am,  &c., 

Arnold  Philip. 

Royal  Indian  Engineering  College, 

Cooper’s  Hill,  Oft.  4,  1890. 


CHEMICAL  NOTICES  FROM  FOREIGN 
SOURCES. 

Note. — All  degrees  of  temperature  are  Centigrade  unless  otherwise 
expressed. 

Comptes  Rendus  Hebdomadaires  des  Seances ,  de  /’ Academic 
des  Sciences.  Vol.  cxi.,  No.  11,  September  15,  i8go. 

On  the  Equivalent  of  Gadolinia. — Lecoq  de  Bois- 
baudran. — The  equivalent  of  gadolinia  has  been  deter¬ 
mined  by  M.  de  Marignac  as  about  120-5  (S03  =  8o)  ;  that 
is,  156-75  for  the  atomic  weight  of  Gd,  and  361-5  for  the 
molecular  weight  of  Gd203.  The  result  cf  the  author’s 
approximate  analysis  of  the  gadolinia  of  M.  de  Marignac 
does  not  greatly  modify  these  values,  as  the  two  chief  im¬ 
purities  (Sm203andZ.S203)  ofthegadoliniain  question  exist 
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in  it  in  almost  equal  proportions  (about  Sm203  and 
4’7  \ 

7j[ 3202 —  ),  and  have  molecular  weights  situate  the  one 

above  and  the  other  below  the  molecular  weight  of  the 
total  mass  (Sm203  =  348-o  ;  Gd203  (of  Marignac  =  361*5, 
Z\ 8203  =  3  67'o  approximately),  yielding  a  partial  com¬ 
pensation  of  the  effeds  of  these  impurities.  On  applying 
the  result  of  the  author’s  analysis,  and  setting  out  with 
the  mean  equivalent  I20'5,  we  obtain  for  the  true 
gadolinia  contained  in  the  earth  of  M.  de  Marignac, 
equiv.  =  i20’7g,  and  Gd  =  i57’ig,  but  these  values  seem 
a  little  too  high.  In  spite  of  the  small  quantity  of. 
material  available,  the  author  attempted  to  take  the 
equivalent  of  the  gadolinias  of  his  fradionations  Nos.  6 
and  g.  A  known  weight  of  the  earth  was  converted  into 
sulphate  and  weighed,  after  exposing  the  salt  to  a  dull 
red  heat.  On  operating  upon  small  masses  (0'2  grm.) 
such  as  the  author  was  obliged  to  use,  the  errors  in 
weight,  due  to  the  absorption  of  air  and  moisture  by  the 
crucibles  and  their  contents,  are  sometimes  very  impor¬ 
tant,  unless  special  precautions  are  taken.  It  is  useful  to 
study  the  progress  of  the  weights  of  the  crucible,  first 
empty  and  then  full,  and  to  deduce  from  the  curve  of 
these  observations  the  value  of  the  absorption  exerted  by 
the  material  from  the  extindion  of  the  fire  until  the 
weighing.  He  thus  obtains  : — 


No.  6.  First  Experiment. 


Equiv. 

At.  weight. 

1.  By  weighing  Gd  sulphate  .. 

2.  By  Ba0S03  obtained  from  such 

Iig’69 

I55‘53 

sulphate  . 

I20’04 

I56’o6 

Mean  of  first  experiment  .. 

ng’86 

i55’8o 

No.  6.  Second  Experiment  (better  than  first  experiment). 

By  weighing  Gd  sulphate  .. 

ug'84 

15576 

Meant  for  earth  No  6  .. 

ng’85 

15578 

No.  g.  ( Good  Experim 

ent). 

By  weighing  sulphate . 

I20’08 

15612 

Mean  for  Nos.  6  and  9  . .  .. 

ngg6 

I55‘95 

The  slight  impurities  still  contained  in  Nos.  6  and  g 
should  slightly  reduce  the  equivalent,  and,  consequently, 
the  mean  experimental  atomic  weight,  =  155^5,  would 
be  a  little  increased  if  the  earth  were  absolutely  purified. 
According  to  estimations  which  are  probably  exaggerated, 
this  additional  value  would  scarcely  raise  the  atomic 
weight  of  true  Gd  by  o'3g.  The  auihor  thinks  that  the 
atomic  weight  of  gadolinium  will  differ  little  from  15615, 
unless  the  experimental  value  of  155 '95  involves  some 
notable  error.  Prof.  Cleve  has  determined  the  equiva¬ 
lents  of  several  successive  portions  obtained  by  fradiona- 
tion  with  ammonia,  but  as  his  objed  was  to  know  if 
gadolinia  could  or  could  not  be  split  up  into  various 
earths  having  decidedly  different  equivalents,  he  had  no 
inducement  to  take  exceptional  precautions  to  obtain  a 
degree  of  accuracy  higher  than  that  which  sufficed  for  his 
purpose.  The  following  are  the  numbers  found  by  Prof. 


Cleve  for  some  of  his  fradions  : — 

Atomic  weight. 

First  fradion,  deeply  coloured  ..  ..  i54-I5 

Fourth  ,,  pale  5 ellow  .  I55'28 

Fifth  ,,  nearly  white .  I55-1 

Sixth  ,,  white .  154'77 


The  observations  of  Prof.  Cleve  thus  agree  fairly  with  those 
of  M.  de  Marignac. 

The  Acetic  Ether  of  Diacetyl-carbinol. — A.  Combes. 
— The  author  has  obtained  a  compound,  C5H803,  of  an 
acid  odour,  of  powerfully  reducing  properties.  It  reduces 
Fehling’s  liquid  and  ammoniacal  silver  nitrate  in  the  cold, 
and  does  not  furnish  metallic  derivatives. 


Revue  Generate  des  Sciences  Pures  et  Appliques. 

Vol.  i.,  No.  13,  August  15,  i8go. 
Gay-Lussac. — A  biography  of  this  illustrious  chemist 
which  appears  in  connedion  with  the  inauguration  of  a 
statue  to  his  memory,  at  Limoges,  on  August  nth. 


MISCELLANEOUS. 


Appointments. — Sir  Charles  Cameron,  Professor  of 
Chemistry  and  Hygiene,  Royal  College  of  Surgeons,  Ire¬ 
land,  has  been  appointed  a  member  of  the  Army  Sanitary 
Committee  by  the  Secretary  of  War.  The  members  of 
the  Committee  now  number  seven.  They  have  to  con¬ 
sider  the  sites,  &c.,  of  barracks,  upon  which  ,£4,000,000 
are  to  be  expended. — Mr.  J.  Morrow  Campbell,  B.Sc., 
F.C.S.,  Assistant  to  Professor  Sexton  at  the  Glasgow  and 
West  of  Scotland  Technical  College,  has  been  appointed 
Assistant  Engineer  and  Analyst  to  an  expedition  pro¬ 
ceeding  immediately  to  Persia,  under  the  Persian  Bank 
Mining  Rights  Corporation,  Limited.  Mr.  Campbell  is 
succeeded  at  the  College  by  Mr.  T.  S.  Goodwin,  formerly 
Chief  Assistant  to  Prof.  Watson  at  the  Anderson’s  College 
Medical  School. 
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THE  ACTION  OF-  PHOSPHORUS 
TRICHLORIDE  ON  ORGANIC  AQJEfe-'1 
ON  WAf&k** 


AND 


ByC.  H.  BOTHAMLEY  and  G.  R.  THOMPSON. 


The  interaction  of  phosphorus  trichloride  is  given  in 
almost  all  the  text-books  on  organic  chemistry  as  a  general 
method  for  the  preparation  of  the  acid  chlorides,  and  is 
represented  by  the  equation — 

3RCOOH  +  PCl3  =  3RCOCl  +  P(OH)3. 

Some  years  ago  Thorpe  showed  (y.  Cheat.  Soc.,  1880,  p. 
186)  that  the  adlion  of  phosphorus  trichloride  on  acetic 
acid  is  accurately  represented  by  the  equation — 
3CH3C00H  +  2PCl3  =  3CH3C0Cl  +  P203  +  3HCl, 
but  this  work,  being  contained  in  his  memoir  on  specific 
volumes,  and  not  separately  indexed,  seems  to  have 
escaped  attention,  and  the  old  erroneous  equation 
is  given  in  the  most  recent  books.  The  authors  con¬ 
firm  Tho:p=’s  result,  but  find  that  the  equation  only 
holds  good  within  certain  narrow  limits.  In  presence  of 
excess  of  acid  or  of  phosphorus  trichloride  secondary 
reactions  take  place,  and  in  almost  all  cases  a  small 
quantity  of  Leverrler’s  yellow  oxide,  P40,  is  obtained. 
Propionic  acid  and  butyi ic  acid  gave  a  precisely  similar 
result,  but  the  quantity  of  P40  foimed  and  the  general 
tendency  of  the  readtion  to  be  complicated  by  secondary 
changes  increases  with  the  molecular  weight  of  the  acid. 

Benzoic  acid  and  phosphorus  trichloride  yield  hydro¬ 
chloric  acid  and  benzoyl  chloride,  but  the  quantities  are 
lower  than  those  calculated  from  the  equation,  and  the 
charadter  of  the  residue  shows  that  secondary  readtions 
have  taken  place  to  a  considerable  extent.  It  is  not  im¬ 
probable  that  in  this  case  some  phosphorous  acid  is 
formed.  Diredt  experiment  showed  that  phosphorous  acid 
and  benzoyl  chloride  interadt,  with  formation  of  benzoic 
acid  and  hydrochloiic  acid,  and  there  can  be  little  doubt 
that  several  readtions  take  place  simultaneously. 

The  adtion  of  phosphorus  trichloride  on  water  takes 
place  in  accordance  with  the  ordinary  equation  — 

PCI3  +  3H2O  =  H3PO3  +  3HCI, 
so  long  as  the  water  is  in  considerable  excess  ;  but  if  the 
chloride  is  in  excess  it  readts  with  the  phosphorous  acid 
with  formation  of  hydrochloric  acid  and  yellow  phos¬ 
phorus  oxide  mixed  with  other  oxides,  and  in  some  cases 
with  free  phosphorus.  It  is  probable  that  phosphorous 
oxide,  P4O6,  is  first  formed,  but  afterwards  decomposes. 
In  the  interaction  of  water  and  excess  of  phosphorus 
trichloride  the  authors  obtained  the  soluble  form  of  P40 
or  P4OII  in  the  cooler  parts  of  the  vessel,  but  if  exposed 
to  a  temperature  above  70°  it  became  insoluble,  a  result 
which  agrees  with  an  eatly  statement  of  Gautier. 

The  authors  consider  that  their  results  prove  that  in 
the  interadtion  of  phosphorus  trichloride  and  monobasic 
organic  acids  the  fundamental  change  is  represented  by 
the  equation — 


3RCOOH  + 3PC13  =  3RC0C1  +  P203  +  3PICI. 

As  soon,  however,  as  any  acid  chloride  and  phosphorous 
oxide  are  formed  they  may  interadt  with  the  still  un¬ 
changed  acid  and  phosphorus  trichloride,  especially  if  one 
of  the  latter  is  in  excess.  They  may  also  interadt  with 
one  another.  In  the  acetic  series  the  tendency  to  pro¬ 
duce  secondary  changes  increases  with  the  molecular 


weight  of  the  acid,  probably  because  of  the  more  ready 
interadtion  of  the  acid  and  the  phosphorous  oxide.  In  the 
case  of  benzoic  acid  the  secondary  changes  take  place  to 
a  very  considerable  extent.  Where,  as  in  the  adtion  of 
phosphorus  trichloride  on  acetic  acid,  the  produdls  are 
very  volatile,  and  are  rapidly  removed  from  the  sphere  of 
adtion,  there  is  very  little  opportunity  for  secondary 
changes  to  occur,  but  in  other  cases  equilibrium  is  estab¬ 
lished  between  the  many  possible  readtions,  and  the 
extent  to  which  any  given  change  takes  place  is  deter¬ 
mined  by  the  conditions,  and  especially  by  the  tem¬ 
perature. 

The  adtion  of  phosphorus  trichloride  on  organic  acids 
cannot  be  regarded  as  a  good  general  method  for  the 
preparation  of  acid  chlorides.  It  gives  satisfactory  results 
only  in  the  case  of  the  lowest  members  of  the  acetic 
series. 

This  investigation  is  being  continued. 

The  Yorkshire  College,  Leeds. 


THE  SULPHUR  WATERS  OF  YORKSHIRE.* 

By  C.  H.  BOTHAMLEY. 


The  sulphur  waters  of  Yorkshire  divide  themselves 
geologically  and  chemically'  into  two  groups.  The  springs 
of  one  group  come  to  the  surface  at  intervals  along  a  great 
anticlinal  in  the  Yoiedale  beds,  which  stretches  from  near 
Clitheroe  in  Lancashhe  to  beyond  Harrogate  ;  but  they 
occur  in  greatest  number  and  volume  at  Harrogate,  which 
is  built  on  the  summit  of  the  anticlinal.  The  springs  of 
the  other  group  ate  found  at  different  points  in  an  alluvial 
formation,  which  lies  at  the  foot  of  magnesian  limestone 
between  the  river  Don  and  its  tributary  the  Went,  and 
which  is  in  many  places  covered  with  a  thick  layer  of 
peat.  They  occur  in  greatest  number  and  volume  at 
Askern. 

The  Harrogate  waters  rise  from  a  considerable  depth 
and  are  free  fiom  organic  matter.  In  some  cases  they 
contain  more  than  14  parts  of  dissolved  saline  matter  per 
1000,  about  12  parts  being  sodium  chloride.  The  remain¬ 
der  of  the  solid  matter  is  chiefly  calcium  carbonate  and 
calcium  and  magnesium  chlorides.  It  follows,  therefore, 
that  the  Harrogate  sulphur  waters  are  of  a  highly 
chlorinated  charadter.  Sulphates  are  absent;  bromides, 
iodides,  and  lithium  are  present  in  minute  quantities. 
One  of  the  most  remarkable  constituents  is  barium,  the 
quantity  of  barium  chloride  in  some  cases  being  twice  as 
great  as  the  total  quantity  of  so. id  matter  in  the  best 
potable  waters  supplied  to  our  largest  towns.  The  volume 
of  dissolved  hydrogen  sulphide  amounts  in  the  Mont¬ 
pellier  Strong  Suiphur  Well  to  nearly  80  c.c.  per  litre. 

The  Askern  waters  rise  from  no  great  depth,  and  may 
almost  be  regarded  as  surface  waters.  They  contain  only 
about  2  parts  of  dissolved  solid  matter  per  1000,  the 
greater  part  being  calcium  carbonate  and  calcium  and 
magnesium  sulphates.  Chlorides  are  present  in  very 
small  quantities.  l'races  of  iodides  are  present,  but 
potassium,  lithium,  barium,  and  bromine  could  not  be 
detedted  in  5  litres  of  the  water.  The  whole  of  the  hydro¬ 
gen  sulphide  present  is  in  the  free  state,  and  amounts  in 
the  strongest  watets  to  about  50  c.c.  per  litre.  There  can 
be  little  doubt  that  the  hydrogen  sulphide  results  from  the 
redudtion  of  the  sulphates  ;  but  t  xadlly1  how  this  redudtion 
is  brought  about  has  not  yet  been  determined. 

The  latest  complete  analyses  of  the  Old  Sulphur  Well 
and  the  strong  Montpellier  Sulphur  Well  at  Hanogate 
will  be  found  in  Cltetn.  Soc.,  1881.  The  Askein 
waters  have  not  been  examined  for  nearly'  fifty  years. 
The  investigation  of  these  waters  is  still  in  progress,  and 


*  Abstraft  of  a  Paper  read  before  the  British  Association,  Leeds 
Meeting,  1850,  Seftion  B. 


*  Abstraft  of  a  Paper  read  before  the  British  Association,  Leeds 

Meeting,  1830,  Seftion  B. 
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it  is  hoped  that  the  results  will  be  published  in  detail 
before  the  end  of  the  year. 

The  Yorkshire  College,  Leeds. 


NOTES  ON  THE  VULCANISATION  AND 
DECAY  OF  INDIA-RUBBER.* 

By  WILLIAM  THOMSON,  F.R.S.Ed.,  F.C.S. 

Under  ordinary  conditions  india-rubber  for  vulcanising  is 
usually  mixed  with  sulphur  and  heated  to  a  high  tem¬ 
perature,  when  chemical  combination  takes  place  between 
the  sulphur  and  the  rubber,  producing  a  much  more  valu¬ 
able  compound  for  ordinary  purposes  than  unvulcanised 
rubber;  the  former  remaining  soft  at  very  low  tempera¬ 
ture  and  firm  at  high  temperatures,  whilst  the  latter 
becomes  hard  and  quite  plastic  respectively  at  those 
temperatures. 

In  making  cloth  for  waterproof  garments  another 
method  is  employed  for  vulcanising  the  rubber — viz.,  by 
wetting  its  surface  with  a  mixture  of  somewhere  about  5 
to  10  parts  of  chloride  of  sulphur  dissolved  in  100  parts  of 
bisulphide  of  carbon,  and  then  heating  the  fabric  gently  to 
evaporate  away  the  excess  of  these  substances.  The 
rubber-covered  cloth  cannot  be  heated  to  a  high  tempera¬ 
ture  like  the  rubber  alone,  because  the  heat  would  be 
liable  to  injure  the  cotton,  silk,  or  wool  of  the  fabric,  or 
destroy  or  injure  the  colours. 

The  bisulphide  of  carbon  softens  and  penetrates  the  fine 
layer  of  rubber,  carrying  with  it  the  chloride  of  sulphur 
dissolved  in  it,  and  it  is  generally  supposed  that  the 
chloride  of  sulphur  breaks  up  the  sulphur  combining  with 
the  rubber,  producing  vulcanisation,  and  the  chlorine 
combining  with  the  hydrogen  producing  hydrochloric 
acid,  which  is  liberated.  This  reaction  is  clearly  not  the 
corredt  one,  and  it  is  probable  that  the  reverse  is  more  in 
accordance  with  the  facts — viz.,  that  the  chlorine  of  the 
sulphur  chloride  combines  with  the  rubber,  producing 
vulcanisation,  leaving  the  sulphur  in  the  free  state  or  only 
partially  in  combination  with  the  rubber,  because  in 
rubber  vulcanised  by  the  cold  process  I  have  found  free 
sulphur  to  be  present. 

From  a  piece  of  rubber-covered  cloth  I  separated  the 
rubber  and  submitted  it  to  analysis  by  mixing  it 
thoroughly  in  small  pieces  with  pure  sodium  carbonate 
and  igniting,  then  dissolving  the  whole  in  water,  and 
adding  to  it  peroxide  of  hydrogen  previously  treated  with 
excess  of  barium  chloride  (to  separate  sulphuric  acid  or 
sulphates.)  The  peroxide  ensures  the  conversion  of  the 
lower  oxides  of  sulphur  into  sulphuric  acid,  whilst  the 
excess  of  barium  chlorides  precipitates  the  sulphuric 
acid  in  the  solution,  which  is  then  weighed  as  barium 
sulphate. 

Another  portion  of  the  made-up  solution  was  neutral¬ 
ised  and  the  chlorine  present  titrated.  The  rubber  pre¬ 
vious  to  ignition,  as  above  described,  had  been  well  boiled 
in  water  and  dried  to  separate  any  hydrochloric  acid 
which  might  be  present,  but  only  a  faint  trace  of  chlorine 
compound  could  be  thus  separated  from  the  rubber. 

The  total  sulphur  present  in  the  rubber  amounted  to 
2-6o,  and  the  total  chlorine  to  6'3i  per  cent. 

The  yellow-coloured  sulphur  protochloride  is  best 
adapted  for  vulcanising  because  it  does  not  adt  too 
strongly  upon  the  rubber,  whilst  the  dark  coloured 
chloride  of  sulphur,  containing  as  it  does  a  large  quantity 
of  the  higher  chlorides  of  sulphur,  is  liable  to  render  the 
rubber  quite  hard  by  vulcanising  it  too  much.  The  theory 
generally  adopted  to  explain  this  is,  that  these  higher 
chloiides  break  up  easily,  liberating  their  sulphur,  which 
thus  combines  in  greater  quantity  with  the  rubber  ;  but 
my  experiments  and  analyses  prove  that  it  is  chiefly  the 

*  Kead  before  the  Brit  sh  Association,  Leeds  Meeting,  1880, 
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chlorine  and  not  the  sulphur  of  the  chloride  of  sulphur 
which  produces  the  vulcanisation. 

A  rubber  substitute  much  used  at  present  is  produced 
by  adting  on  vegetable  oils,  such  as  rape,  linseed,  &c., 
with  a  mixture  of  chloride  of  sulphur  and  bisulphide  of 
carbon.  The  oil  becomes  converted  into  a  solid  substance 
resembling  india-rubber  to  some  extent,  but  being  much 
more  brittle.  This  body  is  now  used  in  large  quantity 
for  mixing  with  india-rubber  for  the  purpose  of  cheapening 
its  produdtion.  On  analysis  of  some  samples  of  this 
material  I  have  invariably  found  that  it  contained  a  much 
greater  proportion  of  chlorine  than  of  sulphur,  and  this 
process,  therefore,  is  a  vulcanisation  by  chlorine  rather 
than  by  sulphur. 

Recently  I  analysed  three  samples  of  rubber  substitute, 
the  one  termed  “special,”  another  “  spongy”  india-rubber 
substitute,  the  third  being  similar  to  the  first  in  appear¬ 
ance.  The  first  contained  of  sulphur  3^4  and  of  chlorine 
7'6  per  cent  ;  the  second  contained  of  sulphur  4 '56  and 
of  chlorine  8'22,  and  the  third  2'6y  of  sulphur  and  7^90  of 
chlorine  per  cent. 

These  rubber  substitutes  contain  considerable  quantities 
of  oily  matters  soluble  in  ether,  which  I  have  also  found 
to  be  chlorine  and  sulphur  compounds  of  the  oils.  The 
fust  yielded  20'0  per  cent,  the  second  I4‘3,  and  the  third 
11*5  per  cent  of  these  thick  oily  matters  soluble  in  ether. 
This  oily  substance  from  the  first  sample  contained  2‘6 
per  cent  of  sulphur  and  6’i  per  cent  of  chlorine,  whilst 
that  from  the  second  contained  2'gy  and  6  87  per  cent  of 
sulphur  and  chlorine  respectively. 

Some  rubber  manufacturers  regard  this  oily  matter  as 
injurious  to  the  rubber  and  rejeCt  any  substitute  which 
contains  any  considerable  proportion  of  it.  I  have  found, 
however,  by  experiment  that  this  oily  compound  instead 
of  aCting  injuriously  on  india-rubber,  actually  aCts  as  a 
preservative  of  it  ;  some  rubber  threads  were  smeared 
with  this  oily  extract,  some  with  ordinary  (unvulcanised) 
rape  oil,  and  some  left  untreated  :  these  were  put  into  an 
incubator  at  150°  Fahrenheit  for  a  few  days,  when  it  was 
found  that  the  oil-treated  rubber  was  quite  soft  and  rotten, 
whilst  the  other  two  had  remained  sound ;  after  a  few  days 
more,  the  original  rubber  threads  had  become  quite  rotten, 
whilst  the  threads  smeared  with  the  oily  part  of  the 
vulcanised  oil  remained  quite  sound. 

The  first  and  second  samples  of  rubber  substitute  were 
examined  for  soluble  chlorides  or  hydrochloric  acid,  by 
boiling  in  water  ;  the  first  gave  o-i8  per  cent  of  chlorine 
soluble  in  water  and  the  second  0^05  per  cent. 

It  has  been  known  for  some  time  that  copper  salts  exert 
a  most  injurious  influence  on  india-rubber;  copper  salts 
are  sometimes  used  in  dyeing  cloths  which  are  afterwards 
employed  for  water-proofing  with  india-rubber,  and  it 
seems  quite  astonishing  what  a  small  amount  of  copper  is 
required  to  harden  and  destroy  the  rubber,  and  the 
destructive  effect  of  copper  is  further  enhanced  if  the 
cloth  contains  oily  matters  in  which  the  copper  has  dis¬ 
solved. 

As  an  example,  here  is  apiece  of  cloth  alleged  to  have 
damaged  the  thin  coating  of  india-rubber  on  it :  I  found  it 
to  contain  copper,  and  with  a  view  of  demonstrating  this 
point,  I  took  one  piece  in  its  original  condition  ;  to  the 
end  of  this  I  pasted  a  similar  piece  of  the  cloth  from  which 
the  oily  and  greasy  matteis  had  been  removed  by  ether, 
and  to  the  end  of  this  again  I  pasted  another  piece  of  the 
same  cloth  from  which  I  had  removed  both  oily  and 
greasy  matters  and  copper  ;  these  three  pieces  joined  end 
to  end  into  one  were  then  coated  in  the  usual  way  with 
india-rubber,  and  then  hung  in  an  incubator  at  150°  F. ; 
in  the  course  of  a  few  dajs  the  rubber  on  the  original 
cloth  had  become  soft,  and  it  then  hardened  and  became 
rotten  and  useless ;  the  second  piece  from  which  the 
greasy  matters  had  been  removed  then  became  quite  hard 
and  rotten,  whilst  the  part  from  which  both  greasy  matters 
and  copper  had  been  removed  has  remained  in  a  perfe&ly 
elastic  and  good  condition. 

Professor  Dewar  observed  accidentally  that  metallic 
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copper  when  heated  to  the  temperature  of  boiling  waterin 
contact  with  the  rubber  exerted  a  destrudtive  effedt  upon 
it.  With  a  view  of  finding  whether  this  was  due  to  the 
copper  per  se  or  to  its  power  of  conducting  heat  more 
rapidly  to  the  rubber,  I  laid  a  sheet  of  rubber  on  a  plate 
of  glass  and  on  it  placed  four  clean  discs,  one  of  copper, 
one  of  platinum,  one  of  zinc,  and  one  of  silver ;  after  a  few 
days  in  an  incubator  at  150°  F.,  the  rubber  underthe  cop¬ 
per  had  become  quite  hard,  that  under  the  platinum  had 
become  slightly  affedted  and  hardened  at  different  parts, 
whilst  the  rubber  under  the  silver  and  under  the  zinc  re¬ 
mained  quite  sound  and  elastic.  This  would  infer  that 
the  pure  metallic  copper  had  exerted  a  great  oxidising 
effedt  on  the  rubber,  the  platinum  had  exerted  a  slight 
effedt,  whilst  the  zinc  and  silver  respectively  had  had  no 
injurious  influence  on  it.  A  still  more  curious  result  was 
this,  that  the  rubber  thus  hardened  by  the  copper  con¬ 
tained  no  appreciable  trace  of  copper  ;  the  copper,  there¬ 
fore,  presumably  sets  up  the  oxidising  adtion  in  the  rubber 
without  itself  permeating  it. 

I  have  pleasure  in  acknowledging  the  assistance  ren¬ 
dered  to  me  in  this  investigation  by  my  assistant,  Mr 
Frederick  Lewis. 


ON  THE 

UNBURNED  GASES  CONTAINED  IN  THE 
FLUE  GASES  FROM  GAS  STOVES 
AND  DIFFERENT  BURNERS.* 

By  WILLIAM  THOMSON,  F.R.S.Ed.,  F.C.S. 

I  have  been  working  for  some  time  with  a  view  of  deter¬ 
mining  whether  the  gases  escaping  as  flue  gases  from  gas 
stoves  and  different  burners  were  really  free  from  gas 
capable  of  combustion,  such  as  carbon  monoxide,  or  un¬ 
burned  hydrocarbons  or  hydrogen.  I  spent  some  time  in 
trying  to  separate  and  determine  the  quantity  of  carbon 
monoxide  present,  if  any ;  but  this  problem  was  beset  with 
so  many  difficulties  that  for  the  moment  I  abandoned  it, 
and  contented  myself  for  the  present  with  determining  the 
quantity  of  unburned  carbon  and  hydrogen  in  whatever 
forms  these  might  exist. 

For  this  purpose  I  arranged  an  apparatus  consisting  of 
two  carefully  weighed  U-tubes  filled  with  strong  sulphuric 
acid  and  two  weighed  U-tubes  filled  with  soda-lime, 
through  which  the  flue  gases  were  first  passed  ;  these 
absorbed  the  water  and  carbon  dioxide  contained  in  the 
flue  gases,  leaving  the  hydrocarbons  (not  absorbed  by 
vitriol),  hydrogen,  and  carbon  monoxide  to  pass  through  a 
red-hot  glass  tube  filled  closely  to  the  extent  of  15  inches 
with  oxide  of  copper  prepared  in  situ  from  copper  wire 
gauze.  The  gases  were  then  passed  through  strong  sul¬ 
phuric  acid  and  soda-lime  contained  in  previously  weighed 
U-tubes,  and  the  results  were  calculated  on  the  gas, 
measured  at  60°  F.  and  30  inches  barometric  pressure, 
from  the  measure  of  gas  drawn  into  the  aspirator  (treated 
as  water-saturated  gas);  the  carbon  dioxide  and  water 
vapour  absorbed  in  the  tubes  being  then  added  on,  making 
up  the  measure  of  flue  gas  originally  employed,  and  which 
was  taken  for  the  determination. 

The  coal-gas  employed  was  previously  passed  through 
large  cylinders  filled  with  calcium  chloride  to  dry  it  before 
combustion,  and  at  the  same  time  as  the  experiment  was 
going  on,  and  side  by  side  with  it,  was  estimated  the 
carbon  dioxide  and  water  vapour  present  in  the  air  itself 
by  passing  it  by  means  of  another  aspirator  through 
strong  sulphuric  acid  and  soda-lime  in  U-tubes  previously 
weighed. 

The  carbon  dioxide  in  the  air  itself  ranged  from  0-41  to 
o"66  grain  per  cubic  foot  of  air,  and  the  ivater  from  3-5 1 
t0  7‘23  grains  in  the  same  volume. 

*  Read  before  the  British  Association  Leeds  Meeting,  1890, 
Seftion  B. 
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The  amounts  of  carbon  dioxide  and  water  colledted  from 
the  flue  gases,  after  deducing  the  quantities  actually 
present  in  the  air,  were  taken  as  those  due  to  the  com¬ 
bustion  of  the  coal-gas. 

1  he  standard  I  employed  was  the  one  used  by  Professor 
Roberts-Austen  in  his  analysis  of  the  flue  gases  from  the 
burning  of  coal,  and  the  apparatus  employed  was 
generally  similar  to  that  also  employed  by  him. 

The  carbon  and  hydrogen  left  unburned  were  measured 
in  terms  of  1000  parts  of  carbon  actually  derived  from  the 
combustion  of  the  gas  in  the  stove  or  burner. 

The  total  quantities  of  carbon  dioxide  and  of  water  in 
the  flue  gases  amounted  to  from  6 -6  to  10 -8  grains  per 
cubic  foot  for  the  former  and  from  5-6  to  10-5  grains  of 
the  latter  in  the.  same  volume. 

The  amount  of  flue  gas  passed  in  each  experiment  was 
about  one  cubic  foot,  and  although  the  variations  were 
considerable,  the  general  results  were  conclusive  in 
showing  that  the  combustion  of  gas  when  burned  in  gas 
stoves  for  heating  purposes  is  much  more  incomplete  than 
one  might  be  led  to  suppose. 

The  only  burner  in  which  the  weight  of  the  tubes  re¬ 
mained  constant  after  passing  the  burned  gas,  and  in 
which  the  combustion  was  presumably  complete,  was  in  a 
paraffin-oil  lamp  in  which  the  flame  was  not  turned  to  its 
highest  point.  In  another  experiment  with  the  flame 
turned  full  on,  12-04  and  3'og  respedtively  of  carbon  and 
hydrogen  escaped  combustion  per  1000  of  carbon  com¬ 
pletely  burned. 

The  next  nearest  approach  to  complete  combustion  was 
in  an  Argand  burner,  in  which  all  the  carbon  was  com¬ 
pletely  burned ;  but  an  amount  representing  0-2575  part 
of  hydrogen  escaped  combustion  per  1000  parts  of  carbon 
completely  burned,  whilst  in  a  second  experiment  0-113  of 
carbon  and  2-5414  of  hydrogen  escaping  combustion  were 
registered  per  1000  parts  of  carbon  completely  burned. 

Then  came  one  of  Bray’s  ordinary  flat  flame  burners, 
burning  4  cubic  feet  per  hour,  which  gave  11-12  of  carbon 
and  0-95  hydrogen  unburned  per  1000  of  carbon  completely 
burned. 

Following  in  order  these  results,  came  the  Welsbach 
light,  in  which  the  gas  heats  to  whiteness  a  tube  or  mantle 
composed  of  a  filmy  thickness  of  the  oxides  of  zirconium 
and  titanium,  the  mantle  being  surrounded  by  a  glass 
tube  similar  to  that  used  in  some  paraffin-oil  lamps.  In 
this  case  the  unburned  carbon  exceeded  in  amount  the 
unburned  hydrogen,  there  being  15-486  of  the  former  and 
3-794  of  the  latter  per  1000  of  completely  burned  carbon. 

Three  experiments  were  made  with  a  Marsh-Greenall’s 
heating  stove,  in  which  three  Bray’s  luminous  burners 
were  employed.  The  first  was  made  with  a  consumption 
of  5-62  cubic  feet  of  gas  per  hour,  when  12-6  and  3-0  parts 
of  carbon  and  hydrogen  respedtively  were  registered  per 
1000  parts  of  carbon  completely  burned.  The  second  ex¬ 
periment,  with  a  consumption  of  5-74  cubic  feet  per  hour, 
gave  37-6  and  ii'8  respedtively  of  carbon  and  hydrogen 
unburned.  The  third  experiment,  with  an  increased  con¬ 
sumption  of  gas  (7-1  cubic  feet  per  hour),  gave  97-4  and 
1 2- 1  of  carbon  and  hydrogen  respedtively  unburned. 

Two  experiments  were  made  with  one  of  T.  Fletcher’s 
heating  stoves,  in  which  eight  Bunsen  burners  play  upon 
some  fancy  metalwork  (iron  coated  with  magnetic  oxide). 
The  one  experiment,  in  which  the  amount  of  gas  passing 
was  not  measured,  gave  43-3  of  carbon  and  24-6  of 
hydrogen  unburned  per  icoo  of  carbon  completely  burned. 
In  the  second  experiment,  where  6-8i  cubic  feet  of  gas 
were  burned  per  hour,  66-3  and  20-0  respedtively  of  carbon 
and  hydrogen  unburned  were  registered. 

One  experiment  was  made  with  one  of  T.  Fletcher’s 
stoves,  in  which  twenty  Bunsen  burners  play  on  asbestos 
projedting  from  a  fireclay  back,  with  a  consumption  of 
8-14  cubic  feet  of  gas,  138-9  and  11-7  parts  respedtively  of 
carbon  and  hydrogen  per  1000  parts  of  completely  burned 
carbon  were  found. 

In  a  stove  in  which  the  hot  gases  rise  to  the  top  of  a 
cylinder  filled  with  pipes  (through  which  cold  air  passes 
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to  be  heated),  and  from  the  bottom  of  which  the  burned 
gases  escape,  after  having  cooled  to  a  considerable  extent, 
upwards  of  200  parts  of  carbon  escaped  combustion  per 
1000  parts  of  carbon  completely  burned. 

I  have  to  thank  my  assistant,  Mr.  Harry  Bowes,  for  the 
careful  manner  in  which  he  performed  the  delicate  and 
difficult  experiments  from  which  the  above  results  were 
obtained. 


THE  PRESENT  POSITION  OF  THE  HYDRATE 
THEORY  OF  SOLUTION.* 

By  SPENCER  UMFREVILLE  PICKERING,  M.A.,  F.R.S. 

(Concluded  from  p.  188). 

If  Raoult’s  views  as  to  the  constancy  of  the  molecular 
depression  can  be  maintained,  the  data  themselves  are 
conclusive  against  making  this  exception  in  the  case  of 
water;  for,  since  the  substances  which  give  the  lower 
values  are  supposed  to  aCt  normally,  it  is  evident  that,  if 
the  values  given  are  in  any  way  abnormal,  this  abnor¬ 
mality  must  be  due  to  the  solvent.  Now  the  values  cer¬ 
tainly  are  abnormal;  they  are  about  i'03°,  whereas  the 
normal  value  for  one  molecule  dissolved  in  100  molecules 
of  other  solvents  is  o^3,  and  the  excess  can,  therefore, 
only  be  explained  by  assuming  that  the  molecules  of 
water  are  more  complex  than  those  of  other  solvents  in 
the  proportion  of  i'03  to  0^63,  or  ij  to  1  ;  in  other  words, 
the  water  molecules  must  be  iJH20.  This  view  cannot 
be  reconciled  with  the  atomic  theory. 

Indeed  the  theory  of  dissociation  into  ions  is  altogether 
unintelligible  to  the  majority  of  chemists.  It  seems  to  be 
quite  irreconcilable  with  our  ideas  of  the  relative  stability 
of  various  bodies,  and  with  the  principle  of  the  conserva¬ 
tion  of  energy.  Of  course  we  know  that  each  ion  when 
dissociated  is  not  supposed  to  be  permanently  dissociated, 
but  to  be  continually  combining  with  its  neighbours  and 
separating  again  from  them  as  in  every  other  case  of  dis¬ 
sociation  ;  but  at  any  particular  moment  a  very  large  pro¬ 
portion  of  them  is  supposed  to  be  free ;  a  proportion 
which,  according  to  the  very  results  under  discussion, 
must  be  very  nearly,  if  not  quite,  100  per  cent  of  the 
whole  ;  and  we  have  to  settle  whether  it  is  probable  or 
possible  that  a  decomposition  such  as  this  could  have 
been  effected  by  introducing  the  compound  into  water. 
And  how  can  we  regard  it  probable  that  compounds  of 
such  stability  and  compounds  formed  with  such  a 
development  of  heat  as  sulphuric  or  hydrochloric,  acid 
should  be  thus  entirely  dissociated  by  water  ;  still  less 
that  these,  and  all  the  most  stable  compounds  which  we 
know,  should  be  thus  demolished,  while  all  the  less  stable 
ones — such  as  hydrocyanic,  sulphurous,  boric  acids,  &c., 
— remain  intaCt  ?  How  can  we  admit  that  the  more  stable  a 
body  is,  the  more  prone  it  is  to  be  dissociated  ? 

And  if  such  a  dissociation  has  occurred  it  must  have 
been  without  any  absorption  of  heat,  and,  consequently, 
energy  must  actually  have  been  created.  Take  one  of  the 
simplest  instances,  that  of  hydrochloric  acid.  If  anything 
at  all  is  certain  about  atoms,  it  is  that  the  atoms  in  an 
elementary  molecule  are  united  very  firmly  together,  and 
that  therefore  in  separating  them  a  very  large  absorption 
of  heat  would  occur.  To  separate  2HCI  into  2H  and  2CI 
would  absorb  far  more  than  the  44,000  cal.  which  we 
know  are  absorbed  in  separating  2HCI  into  H2  and  Cl2. 
Yet  the  supporters  of  the  dissociation  theory  would  have 
us  believe  that  this  separation  has  actually  taken  place, 
not  only  without  any  absorption  of  heat,  but  actually  with 
a  development  of  34,630  cal.;  that  is,  that — 

44000  +  34630  +  x  cal. 

have  been  created,  and  that,  too,  through  the  intervention 
of  the  water,  which  has  ex  hypothesi  no  adion  whatever. 

+  Read  before  tire  Britnh  Association  for  the  Advancement  of 
Science,  Leeds  Meeting,  1^90,  Sedtion  B. 
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This  difficulty  is  realised  by  the  supporters  of  the 
physical  theory,  but  the  way  in  which  they  meet  it  does 
not  appear  to  me  in  any  way  to  overcome  it.  To  explain 
the  non-absorption  of  heat  in  the  dissociation  of  the  salt, 
they  suppose  that  a  charge  of  eledricity  combines  with 
the  liberated  atoms,  and,  in  doing  so,  evolves  an  amount 
of  heat  exadly  equivalent  to  that  absorbed  in  the  separa¬ 
tion  of  the  atoms  from  each  other.  And  a  later  develop¬ 
ment  of  the  theory  is,  I  believe,  that  the  atoms,  though 
separated,  are  still  held  together  by  means  of  these 
charges,  so  that  the  net  result  is  the  supplanting  of  the 
chemical  bond  by  an  eledrical  bond  of  a  precisely 
similar  value.  It  appears  to  me  that  nothing  substantial 
is  gained  by  such  a  substitution,  and  that  its  occurrence  is 
not  merely  hypothetical,  but  impossible.  Whence  come 
these  eledric  charges,  and  by  what  agency  are  they 
brought  into  play  ?  On  what  grounds  can  it  be  main¬ 
tained  that  a  charge  can  combine  with  matter  so  as  to 
evolve  heat,  and  that  the  heat  so  liberated  is  always 
exadly  equal  to  that  absorbed  in  the  decompostion  of  the 
compound  ?  If  this  quality  exists,  how  can  we  account 
for  the  force  which  develops  one  overcoming  the  equal 
force  which  develops  the  other  ?  And  how,  again,  can  we 
account  for  the  heat  developed  in  the  ad  of  dissolving  ? 
If,  on  the  other  hand,  the  heat  of  the  combination  of  these 
charges  is  supposed  to  be  equivalent  to  the  heat  of  com¬ 
bination  of  the  atoms,  plus  that  of  the  heat  of  dissolution, 
we  are  met  by  the  objedion  that  the  latter  is  often  nega¬ 
tive,  and  that,  therefore,  the  heat  of  the  combination  of 
the  charges  must  often  be  less  than  that  of  the  combina¬ 
tion  of  the  atoms,  so  that  the  lesser  force  must  be  re¬ 
garded  as  overcoming  the  greater.* 

That  free  ions  exist  in  solution  is  supposed  to  have  been 
proved  by  a  recent  obser"ation  of  Ostwald’s  to  the  effed 
that  these  ions  may  be  separated  and  brought  into 
different  parts  of  the  liquid  by  the  proximity  of  a  charged 
body.  The  separation  of  the  ions  is,  of  course,  recognised 
by  the  subsequent  liberation  of  hydrogen,  oxygen,  acid, 
alkali,  &c.,  and  it  is  certain  that  on  allowing  these  to  mix 
and  combine  heat  will  be  developed  and  the  salt  solution 
re-formed  ;  and  thus,  by  replacing  and  removing  the 
charged  body,  it  would  evidently  be  possible  to  produce 
an  unlimited  amount  of  heat.  Now,  if  the  charged  body 
has  lost  none  of  its  charge,  and  if  mechanical  energy  has 
not  been  expended,  this  heat  must  have  been  created,  and 
the  whole  groundwork  of  physical  science  must  be  false  ; 
whereas,  if  energy  in  any  form  has  been  expended  on  the 
solution,  the  experiment  proves  nothing,  for  there  is 
nothing  to  show  that  this  energy  has  not  been  utilised  in 
bringing  about  the  very  dissociation  the  previous  existence 
of  which  was  in  question. 

I  have  already  shown  that  the  experimental  data  prove 
the  absence  of  that  constancy  and  regularity  which  ought 
to  exist  according  to  the  physical  theory,  and  to  place  the 
hydrate  theory  on  unassailable  grounds  it  is  only  neces¬ 
sary  to  show  that  the  deviations  from  constancy  and 
regularity  are  of  a  magnitude  such  as  might  reasonably 
be  assigned  to  deviations  due  to  the  presence  of  hydrates. 
That  variations  of  260  and  36,000  per  cent  in  the  value  of 
the  depression — such  as  are  observed  by  altering  the  dis¬ 
solved  substance  or  the  solvent  respectively — are  amply  suf¬ 
ficient  to  satisfy  the  most  exalted  views  of  the  influence  of 
chemical  attraction,  requires,  I  think,  no  demonstration, 
and  we  may  therefore  content  ourselves  with  examining  the 
deviations  observed  when  the  proportions  of  the  solvent 
are  altered — such  deviations  as  are  illustrated  in  Fig.  1. 

It  cannot  be  maintained  that  the  energy  of  the  chemical 
combination  of,  say,  water  with  sulphuric  acid,  is  the  only 
reason  why  the  temperature  of  the  mixture  of  these  two 
must  be  cooled  below  0°  before  any  of  the  latter  will  crys¬ 
tallise  out ;  some  lowering  of  the  freezing-point  will  be 

*  On  the  view  that  hydrates  exist  in  solution,  there  is  no  difficulty, 
as  I  have  shown  elsewhere,  in  explaining  the  absorption  of  heat 
during  dissolution  without  violating  the  principle  of  the  conservation 
of  energy. 
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Table  II. — Freezing-points  of  Solutions  of  Sulphuric  Acid. 

Calculated.  Next  hj'drate. 


I. 

II. 

III. 

IV. 

V. 

VI. 

VII. 

VIII. 

Per  cent  H2S04. 

Mech. 

Phys. 

Chem. 

Total. 

Found  F.-p. 

Calc. 

Per  cent. 

Found. 

Per  cent. 

0'o68 

0’020g 

0 

O-OIIO 

0-0347* 

0-0354 

o-37 

0-36 

0-362 

0-1114 

0-0004 

0-0248 

0-1508* 

0-1582 

i’43 

I  06 

ic6 

0-3275 

0-0014 

0-0589 

0-43I4* 

0-4272 

3-54 

4-02 

4'02 

1-285 

0-071 

0-077 

1-582* 

i-59 

8-40 

8-59 

859 

2-879 

0-388 

0-189 

3-8I5* 

3-80 

18-17 

18-49 

18-49 

6-g6 

3'23 

1'59 

11-78 

11-83 

29-7 

29-5 

29‘53 

12-85 

18-82 

3'5° 

34-I7 

34-00 

37-5 

377 

*  The  a&ual  total  has  been  increased  by  io'4  per  cent  of  its  value  to  give  the  figures  quoted  in  these  five  cases,  for  reasons  which 
will  be  given  elsewhere,  Some  of  the  numbers  in  this  table  may  be  subjedt  to  slight  correftions,  as  they  have  been  quoted  in  the 
absence  of  the  original  calculations. 


caused  by  the  mere  interposition  of  the  foreign  molecules 
of  sulphuric  acid  between  those  of  the  water,  and  on  cer¬ 
tain  grounds,  which  I  have  explained  elsewhere,*  I  esti¬ 
mate  the  mechanical  lowering,  as  I  term  it,  at  0*56°  for 
each  dissolved  molecule  to  100  of  the  solvent  (a  molecule 
of  solvent  water  being  3H20),  a  value  which,  it  may  be 
noted,  is  not  far  removed  from  Raoult’s  experimental 
value  of  0-63°.  There  is  also  another  source  of  lowering 
depending  mainly  on  the  heat  capacities  of  the  substances 
concerned,  which  I  term,  for  convenience,  the  physical 
lowering  ;  but  its  value,  in  the  case  of  weak  solutions,  is 
very  small,  and  I  need,  therefore,  say  no  more  about  it 
here.  Both  these  lowering  causes  would  exist  whether 
there  were  hydrates  present  or  not ;  but  if  these  were 
present  we  should  get  a  further  depression  due  to  their 
existence.  Any  given  hydrate  would  have  to  be  decom¬ 
posed  into  the  next  lower  one  before  it  could  give  up  any 
water  for  crystallisation,  and  a  certain  amount  of  resist¬ 
ance  would  thus  be  offered  to  this  crystallisation,  to  over¬ 
come  which  the  solution  would  have  to  be  further  cooled. 
The  necessary  cooling  may  be  estimated  in  the  following 
way  : — Supposing  the  solution  to  be  a  mixture  and  to  be 
cooled  below  its  normal  freezing-point  ;  then,  on  solidifi¬ 
cation,  the  temperature  would  rise  to  this  point  ;  but  if 
this  solidification  involved  a  chemical  decomposition 
which  absorbed  x  cal.  the  rise  of  temperature  would  be 
thereby  reduced,  the  reduction  thus  caused  amounting  to 
x  -f -  the  heat  capacity  of  the  solution.  As  the  heat  ab¬ 
sorbed  in  the  decomposition  of  the  various  hydrates  of 
sulphuric  acid  is  known,  we  can  calculate  the  lowering 
produced  by  their  presence. 

In  Cols.  II.,  III.,  and  IV.,  Table  II.,  I  have  given  the 
depression  due  to  the  three  above-mentioned  causes  in 
the  case  of  certain  solutions,  Col.  V.  containing  their  sum  ; 
and  it  will  be  seen  what  a  small  proportion  of  this  total 
lowering  can  be  attributed  to  purely  chemical  causes. 
With  most  solutions  it  does  not  exceed  10  per  cent  of  the 
total,  and  with  weak  solutions,  such  as  are  generally  used 
in  freezing-point  determinations — say  5  per  cent — it 
amounts  to  considerably  less  than  o-i°;  tnis,  too,  in  the 
case  of  sulphuric  acid,  where  the  heat  of  formation  of  the 
higher  hydrates  is  greater  than  with  any  other  known 
substance. 

The  reason,  therefore,  why  the  deviations  from  con¬ 
stancy  are  so  small  as  to  have  escaped  detection 
hitherto,  and  the  reason  why  solutions  behave  almost  as 
if  their  chemical  nature  was  non  -  existent,  becomes 
apparent;  but  this  near  approach  to  constancy  and  regu¬ 
larity,  instead  of  proving  the  correctness  of  the  physical 
theory,  and  giving  a  death-blow  to  the  chemical  theory,  is 
really  one  of  the  strongest  arguments  which  can  be 
adduced  in  favour  of  the  latter.  If  the  hydrate  theory  is 
right,  the  influence  of  hydrates  must  often  be  nearly  in¬ 
appreciable. 

But  it  is  not  only  a  general  concordance  between  the 
found  and  calculated  magnitude  of  their  regularities  which 
the  hydrate  theory  is  capable  of  affording,  but  a  concord¬ 
ance  so  exact  that  the  precise  value  of  the  deviation  at 
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any  point  may  be  calculated.  In  Col.  VI.  of  Table 
II.  are  given  the  observed  freezing  points  of  the  solutions, 
and  these  show  an  average  difference  of  but  0'004°  for  the 
three  weaker  solutions,  and  o-o6°  for  the  four  stronger 
solutions,  from  those  calculated  (Col.  V.).  The  last  two 
columns  exhibit  this  concordance  in  a  different  manner; 
from  the  observed  freezing-point  we  can  calculate  the 
composition  of  the  hydrates  which  must  exist  in  the  solu¬ 
tion  (Col.  VII.),  and  these  are  found  to  agree  so  fully  with 
those  indicated  by  the  examination  of  the  curved  figures 
representing  various  properties  of  the  solution  (Col.  VIII.) 
that  the  maximum  difference  between  the  two  is  only  0-48 
in  the  percentage  of  acid  present. 

When  we  can  by  simple  calculations,  based  on  one 
series  of  determinations,  prove  that  the  hydrates  in  solu¬ 
tion  must  be  the  same  as  those  which  totally  independent 
experiments  have  led  us  to  suppose,  we  have,  I  think, 
arrived  at  a  proof  as  nearly  absolute  as  it  is  possible  to 
conceive  ;  and,  if  I  have  succeeded  in  showing  that  this 
proof  may' be  accepted  w  ithout  in  any  way  rejecting  the 
facts  on  which  the  advocates  of  the  osmotic  pressure 
theory  rely — approximate  constancy,  approximate  regu¬ 
larity,  and  approximate  similarity  between  dissolved  and 
gaseous  matter — I  shall  feel  that  I  have  done  far  better 
work  than  the  mere  establishment  of  the  hydrate  theory, 
by  pointing  out  a  possible  modus  vivendi  for  both  theories 
almost  in  their  entirety,  and  by  helping  to  break  down 
that  wall  of  separation  between  physicists  and  chemists 
which  is  fast  crumbling  into  dust. 


THE  MANUFACTURE  OF  COLOURLESS 
TANNINS. 

By  A.  VILLON. 

The  author  employs  the  following  method  for  obtaining 
colourless  tannins  from  tanning  drugs,  such  as  chestnut 
wood,  quebracho,  sumac,  valonia,  dividivi,  oak-wood,  &c. 

It  comprises  three  chief  operations  :  lixiviation  of  the 
tanning  matters,  precipitation  of  the  tannin  in  the  state  of 
an  insoluble  tannate,  and  the  separation  of  the  tannin. 

The  lixiviation  of  the  tannin  wares  presents  nothing 
particular  ;  it  is  the  methodic  system  with  six  becks  aCting 
in  a  current  of  carbonic  acid  at  the  temperature  of  8o° — - 
90°.  In  this  mannerliquidsareobtained  at  from  5  J  to  ii°Tw., 
according  to  the  nature  of  the  ware  employed.  The  liquor 
is  passed  on  into  settling  vats,  where  it  is  allowed  to  cool. 
When  it  has  arrived  at  the  temperature  of  the  atmosphere  it 
is  allowed  to  flow  into  a  refrigerating  apparatus,  similar 
to  those  employed  in  breweries,  i.e.,  a  vat  fitted  with  a  worm 
in  which  there  circulates  the  uncongealable  liquid  of  a 
freezing- machine. 

The  temperature  is  thus  lowered  to  +  20,  at  which  point 
it  is  kept  for  half  an  hour.  The  extractive  matter  and  the 
tannin  which  are  insoluble  in  the  cold  are  precipitated, 
and  are  separated  by  passing  the  liquors  through  a  filter- 
press.  To  tender  this  clarification  moie  completej^nere 
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is  added  o-5  per  cent,  zinc  sulphate.  The  tannin  con¬ 
tained  in  the  liquid  is  then  titrated  and  its  weight  in  the 
mass  submitted  to  one  operation  is  calculated. 

Per  kilo,  of  tannin  thus  found  the  author  adds  to  the 
liquid  2|  kilos,  pure  crystalline  zinc  sulphate  previously 
dissolved  in  five,  times  its  weight  of  hot  water.  The 
liquid  is  transferred  into  a  vat  fitted  with  an  agitator,  into 
which  is  then  passed  a  current  of  gaseous  ammonia, 
derived  from  the  decomposition  of  2£  kilos,  ammonium 
sulphate  (by  means  of  lime';  to  each  kilo,  of  tannin  exist¬ 
ing  in  the  liquid.  The  vat  is  entirely  closed  and  the  excess 
of  ammoniacal  gas  passes  into  another  vat. 

The  ammonia  displaces  the  zinc  oxide  which  combines 
with  the  tannin  to  form  a  zinc  tannate  insoluble  in  a 
neutral  or  an  ammoniacai  solution.  During  the  passage 
of  the  ammoniacal  gas  the  liquid  is  raised  to  ebullition  by 
means  of  a  steam  worm.  Hence,  merely  zinc  tannate  is 
precipitated.  The  liquid  is  passed  into  a  filter-press  and 
washed  first  with  hot  ammonia  water,  then  with  cold,  and 
lastly  with  cold  water.  On  leaving  the  filter-press  the 
clear  liquid  is  passed  into  cast-iron  pans,  where  it  is 
saturated  with  milk  of  lime  so  as  to  give  off  ammonia, 
which  serves  in  a  following  operation. 

The  zinc  tannate  is  stirred  up  in  five  times  its  volume 
of  water  and  decomposed  with  dilute  sulphuric  acid,  when 
zinc  sulphate  is  formed  and  tannin  is  set  free.  Then 
separate  the  zinc  sulphate  from  the  liquid,  a  solution  of 
barium  sulphide  is  gradually  added  until  no  further  pre¬ 
cipitation  takes  place.  A  double  decomposition  takes 
place  between  the  two  salts,  with  the  formation  of  in¬ 
soluble  zinc  sulphide  and  barium  sulphate.  The  pre¬ 
cipitate  is  filtered  off  and  the  tanning  liquid  is  ready  for 
use. 

The  precipitate  is  treated  with  dilute  sulphuric  acid 
when  the  zinc  sulphide  is  dissolved,  yielding  zinc  sulphate 
which  serves  for  succeeding  operations,  and  sulphuretted 
hydrogen  which  is  given  off  and  which  is  utilised.  There 
remains  barium  sulphate,  which  is  separated  from  the  zinc 
sulphate  by  filtration.  The  barium  sulphate  may  be  re¬ 
converted  into  barium  sulphide  by  ignition  with  carbon. 
Calcium  sulphide  may  be  used  in  place  of  barium  sulphide. 
Copper  sulphate  may  be  substituted  for  the  zinc  salt,  but 
the  process  is  more  costly  if  any  loss  occurs  in  the  treat¬ 
ment.  In  this  manner  we  may  obtain  diretftly  extracts 
of  tannin  at  140 — 22°  Tw.,  containing  20  to  30  per  cent  of 
tannin  free  from  extractive  matter  and  almost  colourless. 
— Bulletin  de  la  Socicte  Chitnique  de  Paris. 


LONDON  WATER  SUPPLY. 

Report  on  the  Composition  and  Quality  of  Daily 
Samples  of  the  Water  Supplied  to  London 
for  the  Month  Ending  September  30TH,  1890. 

By  WILLIAM  CROOKES,  F.R.S.; 

WILLIAM  ODLING,  M.B.,  F.R.S.,  F.R.C.P., 

Professor  of  Chemistry  at  the  University  of  Oxford  ; 

and  C.MEYMOTT  TIDY,  M.B.,  F.C.S.,  Barrister-at-Law, 
Professor  of  Chemistry  and  of  Forensic  Medicine  at  the  London 
Hospital;  Medical  Officer  of  Health  for  Islington. 

To  General  A.  De  Courcy  Scott,  R.A., 

Water  Examiner,  Metropolis  Water  Act,  1871. 

London,  Odtober  6th,  1890. 

Sir, — We  submit  herewith  the  results  of  our  analyses 
of  the  182  samples  of  water  collected  by  us  during  the  past 
month,  at  the  several  places  and  on  the  several  days  indi¬ 
cated,  from  the  mains  of  the  seven  London  Water  Com¬ 
panies  taking  their  supply  from  the  Thames  and  Lea. 

In  Table  I.  we  have  recorded  the  analyses  in  detail  of 
samples,  one  taken  daily,  from  September  1st  to  September 
30th  inclusive.  The  purity  of  the  water,  in  respeCt  to 
organic  matter,  has  been  determined  by  the  Oxygen  and 
Combustion  processes;  and  the  results  of  our  analyses  by 
these  methods  are  stated  in  Columns  XIV.  to  XVIII. 
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We  have  recorded  in  Table  II.  the  tint  of  the  several 
samples  of  water,  as  determined  by  the  colour-meter 
described  in  a  previous  report. 

In  Table  III.  we  have  recorded  the  oxygen  required  to 
oxidise  the  organic  matter  in  all  the  samples  submitted 
to  analysis. 

Of  the  182  samples  examined,  the  whole  were  found  to  be 
clear,  bright,  and  well  filtered. 

The  improvement  manifest  in  London  water  supply  on 
or  about  the  middle  of  August,  and  to  which  we  have 
already  directed  attention,  has  been  more  than  fully  main¬ 
tained  during  September.  The  colour-tint  of  the  Thames- 
derived  water  during  the  first  half  of  August  was  as  brown 
to  blue  20  :  20  ;  during  the  latter  half  of  August  as 
14T  :  20  ;  whilst  during  September  the  average  colour-tint 
was  ii-5  :  20.  The  same  faCt  is  clearly  indicated  by  a 
comparison  of  the  results  furnished  by  the  oxygen  test. 
Thus,  whilst  during  the  month  of  August  an  average  of 
o-o65  grain  of  oxygen  was  required  per  gallon,  during 
September  only  C044  grain  of  oxygen  was  needed.  These 
results  show  an  unbroken  purity  of  supply,  even  under 
the  severe  conditions  consequent  on  flood,  and  an  almost 
unprecedented  rainfall. 

The  marked  uniformity  in  the  composition  of  the  various 
waters  during  the  past  month  is  specially  noteworthy. 
Further,  the  complete  freedom  of  the  numerous  samples 
examined  from  any  trace  of  suspended  matter  is  to  be  re¬ 
marked. 

We  are,  Sir, 

Your  obedient  Servants, 

William  Crookes. 
William  Odling. 

C.  Meymott  Tidy. 


ON  AN  APPARATUS  APPLICABLE  FOR  GAS 
ANALYSIS  AND  OTHER  PURPOSES.* 

By  W.  E.  ADENEY,  F.I.C.,  Assoc.R.C.Sc.I., 

Curator  and  Examiner  in  Chemistry  in  the  Royal  University,  Dublin 

The  apparatus  which  forms  the  subject  of  this  paper  was 
originally  designed  to  serve  the  double  purpose  of 
collecting  and  determining  the  gases  incident  to  water 
analysis.  In  practice,  however,  it  has  been  found 
applicable  for  a  number  of  other  purposes,  including  gas 
analysis  by  absorption  and  combustion,  the  analysis  of 
carbonates,  of  nitrates,  and  of  organic  matter  by  the  per¬ 
manganate  method  ;  it  may  also  be  employed  as  an  air- 
pump,  and  for  distillation  in  vacuo  or  under  reduced  pres¬ 
sure. 

The  form  of  the  apparatus  is  shown  in  the  figure, 
It  consists  of  a  gas  burette,  A,  enclosed  in  a  glass  cylinder, 
b,  75  m.m.  in  diameter,  a  barometer  tube,  c,  which  may 
also  be  employed  as  an  open  pressure  tube,  and  a 
laboratory  vessel,  d.  The  whole  apparatus  is  supported 
on  a  wooden  stand. 

The  lower  portion  of  the  burette  is  contracted  and 
passed  thiough  a  hole  cut  in  the  centre  of  the  india-rubber 
bung,  e,  which  closes  the  lower  end  of  the  glass  cylinder. 
It  is  then  bent  at  right  angles  and  joined  to  the  pressure 
tube  at  a  by  a  piece  of  india-rubber  tubing,  lined  with 
canvas,  and  firmly  wired  to  the  tubes  ;  and  the  joint  is 
protected  from  the  air  in  the  ordinary  way  by  fitting  round 
it  a  piece  of  wide  glass  tubing,  and  filling  the  annular 
space  formed  with  glycerin. 

The  way  in  which  the  glass  cylinder,  burette,  and  pres¬ 
sure  tube  are  supported  and  held  in  upright  positions  will 
be  understood  from  the  drawing ;  it  need  only  be  men¬ 
tioned  that  the  wooden  block  which  carries  the  cylinder, 
or  rather  on  which  the  bung  e  rests,  is  cut  away  at  the 
centre  and  side  to  allow  the  cylinder  and  burette  to  be 
placed  in  position,  and  that  the  upper  portion  of  the 


Apparatus  Applicable  for  Gas  A  nalysis.  { 


*  Read  before  the  Royal  Dublin  Society,  June  18,  1890. 


Chemical  News,  1 
Odt.  17,  1890.  ) 


Apparatus  Applicable  for  Gas  Analysis. 


burette  is  held  in  its  place  by  the  brass  plate  b,  one  end  • 
of  which  is  bent  at  right  angles  and  screwed  to  the  stand, 
and  the  other  end  is  bent  and  cut  to  fit  and  clamp  the 
upper  part  of  the  stop-cock  as  indicated  in  the  drawing. 
By  this  means  the  burette  is  clamped  firmly,  but  sufficient 
play  is  afforded  for  contradlion  or  expansion  of  the  glass 
by  alteration  of  temperature. 

The  supply  of  mercury  to  the  burette  and  pressure  tube 
is  regulated  by  means  of  a  reservoir  which  can  be  raised 
or  lowered  by  a  pulley  and  small  windlass,  c,  fixed  to  the 
back  of  the  stand.  The  flexible  tube  from  the  reservoir 
passes  through  a  hole  in  the  back  of  the  stand  at  d,  and 
is  attached  to  the  pressure  tube  by  means  of  the  small 
side  tube  e.  The  necessity  of  attaching  the  connecting 
tube  from  the  reservoir  to  the  pressure  tube,  and  not 
diredlly  to  the  burette,  will  be  explained  later  on. 

The  height  of  mercury  in  the  pressure  tube  is  read  off 
by  means  of  a  millimetre  scale  etched  on  the  unsilvered 
surface  of  the  narrow  slip  of  looking-glass,^  which  is 
fixed  close  to  the  back  of  the  pressure  tube  and  inclined 
to  the  vertical  plane,  as  shown  in  the  drawing,  so  as  to 
refiedt  the  image  of  the  tube  from  the  portion  of  the  glass 
bearing  the  scale.  To  read  the  height  of  the  mercury  in 
the  tube  the  eye  is  held  a  little  to  the  right  of  the  scale, 
and  moved  about  a  little  until  the  scale  lines  in  the 
immediate  vicinity  of  the  reflected  image  of  the  mercury 
meniscus  coincide  with  their  images  reflected  from  the 
silvered  surface  of  the  glass.  When  the  eye  is  in  this 
position  the  height  of  the  mercury  can  be  accurately  read 
to  o‘5  m.m.,  and  with  aid  of  a  lens  to  about  0^25  m.m. 

The  burette  and  pressure  tube  are  each  provided  with  a 
Friedrich’s  patent  glass  stop  cock  of  the  pattern  shown  in 
the  drawing.  Two  branch  tubes,  g,  h,  spring  from  the 
stop-cock  of  the  burette  ;  the  former  is  a  capillary  tube, 
and  serves  to  conned  the  burette  with  the  laboratory  vessel 
and  other  purposes,  while  the  latter  is  of  wider  bore  (2  to 
3  m.m.)  and  is  intended  to  conned  the  vessel  containing 
the  substance  to  be  examined  with  the  burette.  The  two 
tubes  are  firmly  held  against  the  wooden  block  k,  which  is 
grooved  to  receive  them,  by  a  brass  plate  lined  with  cork 
and  screwed  to  the  said  block.  It  is  necessary  to  support 
the  two  tubes  thus  to  obviate  the  danger  of  their  being 
broken  off  from  their  jundion  with  the  stop-cock  by  a 
sudden  blow  or  undue  pressure.  When  firmly  held  in  the 
manner  described,  the  tubes  will  bear  even  considerable 
pressure  without  any  danger  of  being  broken,  and,  as  will 
be  explained  afterwards,  when  the  laboratory  vessel  is 
fixed  in  position  for  working,  a  decided  pressure  is  exerted 
against  the  tube  g. 

The  contraded  portion  of  the  burette  immediately 
below  the  stop-cock  is  about  225  m.m.  long,  and  has  a 
capacity  of  15  c.c.  ;  the  wider  portion  is  about  410  m.m. 
long,  with  a  capacity  of  about  250  c.c.  Both  portions 
are  graduated,  the  former  at  intervals  c.c.,  of  1  and  the 
latter  at  intervals  of  25  c.c. 

The  pressure  tube  is  1000  m.m.  long  ;  and  since  it  can 
be  employed  both  as  an  open  and  closed  tube,  a  volume 
of  a  gas  may  be  measured  under  a  pressure  equal  to  1500 
m.m.  of  mercury,  or,  on  the  other  hand,  under  as  low  a 
pressure  as  1  m.m.  Thus  the  apparatus  is  more  sensitive 
than  Thomas’s  ( Client .  Soc.  Joum.,  xxxv.,  217). 

The  laboratory  vessel  differs  in  principle  and  shape 
from  the  one  employed  in  Frankland’s  or  Macleod’s 
apparatus.  The  cylindrical  portion,  n,  is  25  m.m.  internal 
diameter  and  55  m.m.  long,  and  is  furnished  with  the  side 
tube,  0,  for  conneding  the  vessel  with  an  independent 
mercury  reservoir  ;  the  portion  p  is  45  m.m.  in  diameter 
and  100  or  190  m.m.  long,  according  to  the  charader  of 
the  analysis  to  be  made  ;  this  portion  of  the  vessel,  which 
is  shown  in  the  drawing,  has  a  length  of  100  m.m.,  the 
most  useful  size  for  water  analysis.  The  upper  part,  <7, 
which  has  an  inverted  conical  shape,  is  55  m.m.  long, 
the  diameter  decreasing  from  20  m.m.  at  the  mouth  to  4 
m.m.  at  its  narrowest  part.  Two  platinum  wires  are 
sealed  into  the  vessel  in  the  positions  shown  in  the 
drawing. 
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The  particular  shape  given  to  the  portion  q  allows  the 
laboratory  vessel  to  be  easily  conneded  or  disconneded 
with  the  tube  g.  When  the  laboratory  vessel  is  placed  in 
position,  as  represented  in  the  drawing,  the  tube  g,  the 
end  of  which  is  fitted  in  an  india-rubber  collar,  tightly 
closes  the  narrow  part  of  q ,  while  the  lower  shoulder  of 
the  vessel  rests  upon  the  shelf  f,  which,  in  plan,  has  some¬ 
what  the  shape  of  an  inverted  U.  If  the  space  above  the 
collar  be  filled  with  water  of  mercury,  a  perfectly  air-tight 
joint  is  obtained.  The  joint,  in  fad,  may  be  made  so 
staunch  that,  when  the  vessel  is  arranged  in  the  manner 
described  below,  a  torricellian  vacuum  may  be  maintained 
in  it.  Wnen  it  is  desired  to  disconned  the  laboratory 
vessel,  its  lower  portion  is  drawn  forward  sufficiently  to 
clear  the  shelf,  and  is  then  lowered  to  detach  it  from  the 
tube  g.  By  reversing  these  movements  the  laboratory 
vessel  may  be  again  attached  to  the  apparatus.  The 
shape  of  the  india-rubber  collar  is  of  importance  ;  its 
lower  end  must  be  rounded  off.  It  may  be  conveniently 
made  in  the  laboratory  from  the  core  obtained  by  cutting 
a  hole  in  an  ordinary  cork,  by  means  of  a  cork-borer  of 
suitable  diameter;  one  end  of  the  core  will  generally  be 
found  sufficiently  rounded  to  suit  the  required  purpose. 

For  some  problems  in  gas  analysis  the  laboratory  vessel 
may  be  employed  in  the  ordinary  way.  The  lower  and 
open  end  is  immersed  in  a  mercury  trough,  and  may  be 
filled  from  the  trough  in  the  following  manner.  The 
stop-cock  is  opened  to  the  tube  /r,and  the  reservoir  raised 
until  the  burette  is  full  of  mercury  ;  the  stop-cock  is  then 
turned  to  open  to  the  tube  g,  and  consequently  to  the 
laboratory  vessel.  The  reservoir  is  now  lowered  slowly, 
and  as  the  level  of  the  mercury  in  the  burette  sinks,  it 
rises  in  the  laboratory  vessel.  The  reservoir  is  lowered 
until  the  laboratory  vessel  is  full.  The  air  that  is  drawn 
into  the  burette  during  the  operation  is  driven  out  into 
the  atmosphere  by  opening  the  cock  to  the  tube  h,  and 
again  raising  the  reservoir.  When  the  burette  is  full  of 
mercury,  the  glass  cylinder  filled  with  water,  and  the 
pressure  tube  in  proper  order,  the  apparatus  may  be  used 
in  a  similar  manner  to  that  of  Frankland  or  Macleod. 

Since  the  apparatus,  however,  can  be  employed  as  an 
air-pump  similar  in  piinciple  to  Friedrich’s  new  pump,  as 
well  as  for  measuring  and  analysing  gases,  its  applicability 
to  a  great  variety  of  purposes  becomes  possible,  if  the 
laboratory  vessel  be  furnished  with  the  means  of  filling  it 
with  mercuiy,  as  well  as  of  adjusting  the  level  of  mercury 
in  it,  independently  of  the  burette.  This  may  easily  be 
effe&ed  by  closing  the  lower  end  of  the  vessel  with  an 
india-rubber  cork,  and  connecting  it  by  means  of  the  side 
tube  0  to  an  independent  adjustible  reservoir  which  is 
raised  and  lowered  by  means  of  a  pulley  and  windlass,  m, 
fixed  to  the  back  of  the  stand,  just  as  in  the  case  of  the 
reservoir  furnished  for  the  burette  and  pressure  tube. 

To  provide  the  means  for  introducing  reagents  into  the 
laboratory  vessel,  when  it  is  modified  as  here  described, 
the  cork  which  closes  the  lower  end  of  the  vessel  is  fitted 
with  a  glass  tube  (which  for  the  purpose  of  reference  may 
be  called  the  reagent)  about  10  c.m.  long,  and  2  m.m. 
bore,  one  end  of  which  is  drawn  out  to  a  fine  point,  and  the 
other  end  is  bent  at  right  angles,  and  has  attached  to  it  a 
piece  of  stout  india-rubber  tube  about  15  c.m.  long,  and 
1  m.m.  bore.  When  the  cork  is  fixed  in  its  place,  the  fine 
point  of  the  reagent  tube  projects  into  the  interior  of  the 
vessel  for  about  2  c.m.  A  small  Bunsen  screw  clamp  is 
also  provided  with  which  to  close  the  india-rubber  tube 
when  necessary. 

The  apparatus  and  stand  should  be  permanently  set  on 
a  small  table  of  such  a  height  that  the  mercury  reservoirs 
may  be  lowered  some  36  inches  below  the  level  of  the 
lowest  scale  mark  on  the  burette. 

The  heights  of  the  mercurial  columns  corresponding  to 
the  different  divisions  of  the  burette  are  determined  in  the 
ordinary  way  with  the  aid  of  a  kathetometer. 

To  calibrate  the  burette,  it  is  fa i led  with  water  in  the 
following  way  :— The  burette  and  glass  tube  g  are  first 
filled  with  mercury  by  raising  the  reservoir ;  a  beaker  con- 
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taining  water  is  then  held  under  the  open  end  of  g,  and 
the  reservoir  lowered  until  the  burette  is  filled  with  water 
down  to  the  lowest  division  line.  The  beaker  is  now 
replaced  by  a  small  fared  flask,  and  the  reservoir  slowly 
raised  until  the  next  division  on  the  burette  is  reached  by 
the  mercury  ;  the  water  displaced  is  received  into  the 
tared  flask,  and  weighed  ;  a  similar  operation  is  repeated 
for  each  division  on  the  scale  of  the  burette.  Finally,  the 


capacity  of  the  tube  g  is  measured.  During  the  process 
of  calibration  the  wide  glass  cylinder  which  surrounds  the 
burette  is  filled  with  water  in  order  to  maintain  the  water 
in  the  burette  at  a  constant  and  known  temperature. 

During  the  analysis  of  a  mixture  of  gases,  all  measure¬ 
ments  are  carried  on  with  the  level  of  the  mercury  in  the 
burette  adjusted  to  the  same  division  line.  The  seledion 
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of  the  division  line  must  naturally  depend  on  the  volume 
of  the  gas  to  be  analysed,  and  the  objedt  of  the  analysis. 

An  arrangement  for  accurately  adjusting  the  level  of 
the  mercury  in  the  burette  at  the  division  line  sdedted  for 
making  measurements  may  be  made  thus  : — A  piece  of 
white  paper  having  a  horizontal  black  line  drawn  upon  it, 
is  gummed  to  the  stand  behind  the  glass  cylinder,  and  at 
the  same  level  as  the  division  line,  an  exadl  adjustment 
being  made  with  the  aid  of  a  kathetometer.  A  similar 
arrangement  may  be  made  for  each  division  line  on  the 
burette,  but,  generally  speaking,  it  will  only  be  found 
necessary  for  the  10,  15,  50,  and  100  c.c.  lines.  With 
this  arrangement  the  mercury  may  be  adjusted  to  the 
level  of  a  division  line  by  the  operator,  with  the  naked  eye, 
even  more  accurately  than  with  the  kathetometer,  the 
operator  being  very  much  aided  by  the  magnifying  effedt 
that  the  water  in  the  cylinder  has  upon  the  burette,  and 
upon  the  line  gummed  to  the  back  of  the  stand. 

The  method  of  working  the  apparatus  will  be  under¬ 
stood  from  the  following  description  of  the  analysis  of  a 
water  residue  : — The  residue  is  mixed  with  copper  oxide, 
and  packed  in  a  combustion  tube  with  oxide  o'  copper  and 
metallic  copper ;  and  the  open  end  of  the  combustion  tube 
is  drawn  out  and  shaped  according  to  the  directions  given 
by  Frankland  and  Armstrong  in  their  method  for  the 
determination  of  the  organic  carbon  and  nitrogen  in 
waters.  The  combustion  tube  may  be  diredtly  attached 
to  the  tube  li  of  the  -apparatus,  but  it  is  more  convenient 
to  interpose  between  them  a  U-shaped  connecting  tube, 
in  the  bend  of  which  a  bulb  is  blown  for  collecting  the 
water  formed  during  the  combustion  of  a  residue.  The 
connections  are  made  with  pieces  of  india-rubber  tubing 
protected  with  water  jackets  in  the  ordinary  way,  to 
prevent  diffusion  of  air  through  them. 

The  burette  and  pressure  tube,  let  it  be  supposed,  are 
full  of  mercury,  the  stcp-cock  of  the  latter  closed,  and  the 
laboratory  vessel  detached  fiom  the  apparatus.  If  now 
the  cock  of  the  burette  be  opened  to  the  combustion  tube, 
and  the  reservoir  lowered,  air  will  pass  from  the  com¬ 
bustion  tube  into  the  burette  as  the  mercury  flows  out  of 
the  latter;  when  the  mercury  has  reached  the  lowest 
level  practicable  in  the  burette,  the  stop-co.k  is  turned  to 
close  connection  with  the  combustion  tube,  and  to  open 
to  the  tube  g,  and  the  reservoir  is  raised  to  re-fill  the 
burette  with  mercury  and  expel  the  air  that  has  been 
drawn  into  it  into  the  atmosphere.  If,  when  the  burette 
is  again  full  of  mercury,  connection  with  the  combustion 
tube  be  for  a  second  time  opened,  and  the  cycle  of  opera¬ 
tions  dtsciibed  be  repeated,  a  further  quantity  of  air  will 
be  drawn  from  the  combustion  tube,  and  will  be  expelled 
from  the  apparatus.  After  several  such  repetitions  the 
quantity  of  air  remaining  in  the  combustion  tube  will  be 
inappreciable. 

The  degree  to  which  the  exhaustion  has  been  pushed 
may  be  accurately  determined  by  first  Ailing  the  burette 
with  mercury,  and  then,  the  stop-cock  being  closed, 
lowering  the  reservoir  sufficiently  to  sink  the  mercury  in 
the  burette  to  the  level  of  the  100  c  c.  division  line  ;  a 
torricellian  vacuum  will  consequently  be  obtained  in  the 
burette.  Connection  with  the  combustion  lube  is  now 
opened,  and  the  tube  is  gently  warmed.  After  a  few 
minutes  the  stop-cock  is  again  closed,  and  the  reservoir 
raised  ;  if  any  air  has  been  drawn  from  the  combustion 
tube,  its  presence  will  be  indicated  as  the  mercury  rises  to 
fill  the  burette,  and  its  volume  may  be  accurately  deter¬ 
mined.  With  a  little  care  it  is  quite  possible  to  exhaust 
so  completely  the  combustion  tube,  that  no  residuum  of  air 
can  be  detected  in  it  by  the  method  here  described.  The 
time  required  to  exhaust  a  combustion  tube,  with  the  ap¬ 
paratus  of  the  size  described  in  this  paper,  is  about  ten 
minutes.  The  time,  however,  will  vary  somewhat  with 
the  dimensions  of  the  combustion  tube. 

The  combustion  tube,  after  being  exhausted,  is  heated 
to  ignite  the  water  residue,  the  stop-cock  being  closed 
during  the  process  of  heating. 

During  the  combustion  the  laboratory  vessel  should  be 
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carefully  and  completely  filled  with  mercury,  and  attached 
to  the  apparatus  in  the  following  manner: — The  labora¬ 
tory  vessel  is  held  in  a  slanting  position,  with  its  lower 
shoulder  just  resting  on  the  front  edge  of  the  shelf,  F,  and 
its  upper  part,  q,  loosely  fitting  round  the  collar  at  the  end 
of  the  tube,  g.  The  reservoir  is  then  adjusted  so  that  the 
mercury  in  it,  when  the  laboratory  vessel  is  full,  shall  be 
just  above  the  level  of  the  collar.  The  mercury  slowly 
fills  the  laboratory  vessel,  and  when  it  has  risen  a  little 
above  the  collar,  the  lower  shoulder  of  the  vessel  may  be 
pushed  into  its  place.  After  the  laboratory  vessel  has 
been  properly  attached,  the  reagent  tube  must  be  freed 
from  air.  This  may  be  done  by  unscrewing  the  Bunsen 
clamp,  and  allowing  a  little  mercury  to  flow  out  of  the 
tube.  When  the  air  has  been  completely  driven  out,  the 
reagent  tube  is  again  closed  by  screwing  up  the  clamp. 
If,  after  first  attaching  the  laboratory  vessel,  any  traces 
of  air  are  detected  in  it  (and  small  bubbles  are  especially 
liable  to  colledt  under  the  india-rubber  collar  attached  to 
the  tube  g),  the  operator  will  be  able  to  expel  them  by  draw¬ 
ing  the  lower  part  of  the  vessel  forward,  and  then  lowering 
the  vessel  slightly  to  loosen  its  connection  with  the  tube 
g.  If  the  reservoir  has  been  previously  adjusted  to  the 
level  of  the  end  of  the  tube  g,  immediately  on  loosening 
its  connection  with  the  vessel  in  the  manner  described, 
the  bubbles  of  air  will  escape  into  the  atmosphere.  After 
the  laboratory  vessel  has  been  finally  placed  in  position,  a 
mercury  trough  filled  with  water,  and  supported  on  an 
ordinary  table  support,  is  placed  under  the  vessel,  and 
fixed  at  such  a  he;ght  that  the  lower  end  of  the  vessel  is 
immersed  in  the  water.  This  arrangement  prevents 
leakage  or  diffusion  of  air  through  the  india-rubber  cork 
which  closes  the  end  of  the  vessel. 

When  the  combustion  of  the  water  residue  has  been 
completed,  the  combustion  tube  is  again  exhausted,  and 
gases  resulting  from  the  combustion  are  transferred  to  the 
laboratory  vessel;  this  operation  being  completed,  the 
gases  are  next  passed  into  the  burette  to  be  measured. 

The  method  of  adjusting  the  level  of  the  mercury  in  the 
burette,  after  the  gases  have  been  passed  into  it,  will 
require  some  explanation.  The  simple  plan  of  closing 
the  stop-cock,  and  then  raising  and  lowering  the  reservoir, 
in  order  to  bring  the  mercury  to  the  level  of  the  division 
line  selected  for  measurement,  cannot  be  followed,  since 
after  transferring  the  gas,  a  small  bubble  of  it  remains  in 
the  laboratory  vessel  under  the  india-rubber  collar  attached 
to  the  tube  g,  and  cannot  be  expelled.  When,  therefore, 
the  level  of  the  mercury  in  the  burette  is  being  adjusted, 
the  connection  between  the  burette  and  laboratory  vessel 
must  be  left  open,  and  the  adjustment  be  made  by  working 
the  two  reservoirs  conjointly.  To  transfer  in  the  first 
instance  the  gases  into  the  burette  from  the  laboratory 
vessel,  the  reservoir  of  the  former  is  lowered,  and  that  of 
the  latter  raised,  until  nearly  all  the  gas  has  passed  over, 
a  little,  however,  still  remaining  in  the  laboratory  vessel. 
The  operator  at  this  point  must  observe  whether  the  gases 
will  require  to  be  compressed  or  expanded,  in  order  that 
the  mercury  in  the  burette  shall  stand  after  final  adjust¬ 
ment,  at  the  level  of  the  division  line  selected  for  measure¬ 
ment,  and  in  order  that,  at  the  same  time,  the  laboratory 
vessel  shall  be  completely  filled  with  mercury,  with  the 
exception,  of  course,  of  the  space  occupied  by  the  small 
bubble  above  referred  to.  With  a  little  practice,  the  final 
adjustment  may  be  effected  in  a  few  seconds.  An  indication 
that  the  laboratory  vessel  has  been  completely  filled  may 
always  be  obtained  by  causing  the  mercury  or  water,  if 
the  vessel  be  moist,  to  rise  to  a  definite  height  in  the 
capillary  tube  g. 

When  the  necessary  adjustments  have  been  made,  the 
height  of  the  mercury  in  the  pressure  tube  is  read  off ;  the 
difference  between  the  reading  and  the  number  cor¬ 
responding  to  the  height  of  the  division  at  which  the 
measurement  is  made,  gives  the  pressure  exeited  on  the 
gas  in  millimetres.  The  temperature  of  the  water  in  the 
cylinder,  c,  is  at  the  same  time  observed. 

The  analysis  of  the  gases  is  conducted  in  a  manner  that 


is  now  commonly  adopted  with  this  class  of  apparatus. 
To  absorb  the  carbon  dioxide,  a  few  drops  of  a  strong 
solution  of  potash  are  introduced  into  the  laboratory 
vessel  thus: — The  stop-cock  of  the  burette  is  closed,  the 
reservoir  of  the  laboratory  vessel  is  fixed  above  the  level 
of  the  reagent  tube,  and  a  small  pipette  containing  the 
solution  of  potash  is  connected  with  the  india-rubber  tube 
attached  to  the  reagent  tube.  As  the  reservoir  is  above  the 
level  of  the  reagent  tube,  on  unscrewing  the  Bunsen  clamp, 
there  will  be  a  tendency  for  the  mercury  to  flow  into  the 
small  pipette;  and  this  may  be  taken  advantage  of  in 
order  to  expel  the  air  that  collects  in  the  open  end  of  the 
india-rubber  tube  to  which  the  pipette  is  attached.  The 
air  having  been  completely  expelled,  the  reservoir  is 
dropped  to  a  level  slightly  below  that,  of  the  reagent  tube, 
and  after  a  few  drops  of  potash  solution  have  been  drawn 
into  the  laboratory  vessel,  the  Bunsen  clamp  is  screwed 
up  again.  The  stop-cock  may  now  be  opened,  and  the 
gas  passed  from  the  burette  into  the  vessel.  After  about 
ten  minutes  the  carbon  dioxide  may  be  considered  to  have 
been  completely  absorbed,  and  the  remaining  gases  may 
be  transferred  to  the  burette,  and  again  measured,  after 
the  mercury  has  been  again  adjusted  to  the  levels  as 
before.  The  remainder  of  the  analysis  needs  no  further 
description. 

When  commencing  to  experiment  with  the  apparatus, 
it  was  anticipated  that  a  correction  for  the  error  introduced 
by  the  bubble  of  gas  being  retained  in  the  laboratory 
vessel,  as  above  described,  would  be  necessary  when  cal¬ 
culating  the  volume  of  the  gas.  In  order  to  determine 
the  amount  of  this  error,  my  friend  Mr.  James  Carson 
very  kin dly  made  a  number  of  experiments  with  the 
apparatus  for  me.  About  175  c.c.  of  air  were  drawn  into 
the  burette  through  the  tube  A,  the  stop-cock  was  closed, 
and  the  air  was  compressed  until  the  level  of  the  mercury 
in  the  burette  reached  the  100  c.c.  division.  The  pressure 
exerted  by  the  air  was  then  found  to  be  equal  to  410  m.m. 
of  mercury  plus  that  of  the  atmosphere,  viz.,  759-51,  that 
is  a  total  pressure  of  1169-51  m.m.  of  mercury.  The  air 
was  then  passed  into  the  laboratory  vessel  and  back  again, 
the  mercury  being  returned  to  the  same  level  in"  the 
burette;  the  pressure  was  read,  and  found  to  be  exadlly 
the  same  as  before,  viz.,  1169-51  m.m.  The  experiment 
was  repeated,  and  a  like  result  obtained.  It  was  then 
decided  to  try  a  similar  experiment  with  a  small  volume 
of  air  under  reduced  pressure.  About  3  c.c.  of  air  was 
drawn  into  the  burette,  as  before,  the  stop-cock  closed,  and 
the  volume  expanded  until  the  mercury  reached  the  level 
of  the  14  c.c.  division  line.  The  pressure  of  mercury  then 
indicated  by  the  pressure  tube  was  equal  to  161  m.m.  of 
mercury;  on  passing  the  air  into  the  laboratory  vessel, 
and  back  again,  and  adjusting  the  mercury  to  the  same 
level  as  before,  the  difference  of  pressure  indicated  by  the 
pressure  tube  was  found  to  be  less  than  o-i  m.m.  It  is 
hence  evident  that  the  bubble  of  gas  retained  in  the 
laboratory  vessel  is  too  small  to  introduce  any  appreciable 
error  when  the  adjustments  of  the  levels  of  the  mercury 
in  the  burette  and  laboratory  vessel  are  made,  before 
making  measurements,  in  the  manner  above  described. 

(To  be  continued). 


NOTICES  OF  BOOKS. 

Air  Analysis  :  A  Practical  Treatise  on  the  Examination 
of  Air.  With  an  Appendix  on  Illuminating  Gas.  By 
J.  Alfred  Wanklyn  and  W.  J.  Cooper.  London: 
Kegan  Paul,  Trench,  Triibner,  and  Co.,  L;mited. 

The  manual  before  us  is  not,  as  it  will  at  once  appear,  a 
treatise  on  gas  analysis  from  a  technical  point  of  view,  but 
a  guide  to  the  sanitary  examination  of  atmospheric’ air. 
Of  course  the  processes  here  taught  have  their  due  place 
in  technical  gas  analysis.  The  apparatus  recommended 
by  Mr.  Wanklyn  is  that  of  Ilempel,  which  is  shown  in  use 
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in  nine  plates.  For  the  determination  of  oxygen  in 
gaseous  mixtures  nitric  oxide,  as  used  by  Priestley  and 
Cavendish,  is  recommended  in  preference  to  the  pyrogallic 
acid  process  and  to  combustion  with  an  excess  of 
hydrogen.  A  reason  given  is  that  the  two  latter  methods 
are  inapplicable  in  presence  of  carbonic  acid.  The  author 
distinguishes  two  methods  for  the  investigation  of  gases. 
In  the  former,  to  which  the  name  eudiometry  is  here 
restricted,  a  change  in  the  volume  of  the  gas  is  diredtly 
observed.  In  the  second  method,  which  is  here  named 
“complementary  eudiometry,”  the  analyst  notes  the 
adtion  of  the  gas  in  question  on  substances  with  which  it  is 
brought  in  contact. 

This  work  is  calculated  to  render  more  general  the 
understanding  and  the  practice  of  gas  analysis,  a  depart¬ 
ment  which,  until  lately,  has  been  much  neglected. 


Electro-Chemical  Analysis.  By  Edgar  F,  Smith,  Pro¬ 
fessor  of  Analytical  Chemistry,  University  of  Pennsyl¬ 
vania.  Philadelphia:  Blakiston,  Son,  and  Co. 

A  manual  of  electrolytic  analysis  is  becoming  more  and 
more  necessary,  as  most  analytical  manuals,  from  whatever 
reason,  have  ignored  the  subject.  At  the  same  time  the 
great  advantages  of  this  method  in  inorganic  determina¬ 
tions  render  a  knowledge  of  its  conditions  and  its  resources 
of  great  importance  to  the  student  and  to  the  practising 
analyst. 

The  author,  in  supplying  the  want  of  a  systematic  ex¬ 
position  of  the  electrolytic  method  of  analysis  is,  therefore, 
conferring  a  decided  benefit  upon  chemists.  He  does  not 
exaggerate  when  he  tells  us  that  the  electrolytic  method 
of  analysis  is  especially  inviting,  since  it  permits  of  clean, 
accurate,  and  rapid  determinations  where  ordinary 
methods  yield  unsatisfactory  results.  He  first  considers 
the  aCtion  of  the  eleCtric  current  upon  acids  and  salts. 
Next  he  proceeds  to  a  definition  of  the  terms  ohm,  volt, 
and  ampere,  followed  by  instructions  on  the  sources  of  the 
eleCtric  current.  Here  he  describes  the  bichromate  cell, 
the  Leclanche,  the  Daniell  with  its  modifications,  the 
Meidinger,  and  the  “crowfoot,”  with  the  Bunsen  and  the 
Grove  for  cases  where  a  current  of  greater  electromotive 
force  is  required.  Both  these  cells,  he  remarks,  require 
constant  attention.  To  thermopiles  he  objects  on  the 
score  of  their  fragility  and  of  the  fiequent  insufficiency  of 
their  currents. 

As  the  best  source  of  eleCtric  energy  for  analytical  pur¬ 
poses  the  author  recommends  secondary  batteries  of  the 
Julien  type.  We  find  next  an  account  of  resistances  for 
the  reduction  of  the  current  down  to  any  required  strength, 
and  of  the  voltmeters  and  ammeters  for  measuring 
currents. 

In  a  survey  of  the  history  of  the  eleCtric  method  of 
analysis  we  find  it  mentioned  that  Gaultier  de  Claubry 
(1850)  was  probably  the  first  who  applied  the  current  to 
the  detection  of  metals  in  solution. 

The  author  then  proceeds  to  the  electrolytic  determina¬ 
tion  of  the  different  metals,  copper,  cadmium,  mercury, 
bismuth,  lead,  silver,  zinc,  manganese,  iron,  uranium, 
thallium,  platinum,  palladium,  molybdenum,  gold,  tin,  and 
antimony.  The  processes  for  the  electrolytic  determina¬ 
tion  of  vanadium,  tungsten,  and  osmium  are  not  inserted, 
as  they  require  further  elaboration.  A  successful  method 
for  the  eleCtro-deposition  of  arsenic  is  not  known. 

Next  we  come  to  the  separation  of  the  metals.  As 
regards  iron,  manganese,  zinc,  nickel,  cobalt,  aluminium, 
chrome  and  phosphoric  acid  the  methods  to  be  adopted 
requiie  further  elaboration. 

Finally  come  some  instructions  for  oxidations  by  means 
of  the  eleCtric  current. 

The  greatest  advantage  of  the  electrolytic  method  of 
analysis  is  its  simplicity.  We  do  not  require  to  introduce 
materials,  the  purity  of  which  often  leaves  something  to 
be  desired,  and  which  have  to  be  again  removed,  frequently 
at  the  cost  of  much  time  and  trouble.  Hence,  where  avail¬ 


able,  the  electrolytic  methods  of  analysis  possess  an 
indisputable  advantage.  We  hope  that  Prof.  E.  Smith’s 
little  work  will  call  increased  attention  to  this  branch  of 
mineral  analysis. 


Sap:  Does  it  Rise  from  the  Roots ?  Experiments  and 

Observations  on  Trees  and  other  Plants.  By  J.  A. 

Reeves.  London  :  G.  Kenning. 

The  author  of  this  work  propounds  a  novel  theory  in 
'  vegetable  physiology.  He  holds  that  the  sap  of  plants 
does  not  ascend  from  the  roots,  but  “is  obtained  by  the 
foliage  from  the  moisture  in  the  air,  and  from  the  rain,  and 
more  especially  from  the  dews  at  night,  the  latter  being 
more  frequent  and  lasting  than  rain.”  He  tells  us  that 
the  gas  evolved  from  stable  yard  manure  is  found  to  be 
superior  to  that  from  artificial  manures,  and  is  more  lasting 
in  its  aCtion.  Now  ammonia  is,  or  may  be,  given  off  both 
from  farm-yard  manure  and  from  some  kinds  of  artificial 
manures.  But  from  other  very  efficient  artificial  manures, 
e.g.,  phosphates  and  potassium  salts,  no  gases  are  known 
to  be  given  off.  If  Mr.  Reeves  can  demonstrate  the 
existence  of  a  gas  given  off,  e.g.,  by  basic  slag,  or  by 
“  precipitated  phosphate  ”  capable  of  supplying  growing 
crops  with  their  necessary  supply  of  phosphoric  acid,  he 
will  have  done  chemists  a  service  which  they  will 
appreciate.  If,  meantime,  he  wishes  it  to  be  understood 
that  farm  yarm  manure,  or  stable  dung,  is  superior  to 
artificial  manures,  he  is  running  in  the  teeth  of  faCts.  We 
should  advise  him  to  study  experimentally  the  work  of 
M.  Georges  Ville. 


Wattles  and  Wattle  Barks:  Being  Hints  on  the  Con¬ 
servation  and  Cultivation  of  Wattles,  together  with 
Particulars  of  Their  Value.  By  J.  H.  Maiden,  F.L.S., 
F.C.S.,  &c.,  Curator  of  the  Technological  Museum, 
Sydney.  Sydney :  Potter. 

“  Wattles  ”  is  the  colonial  name  for  certain  species  of 
Acacia,  rich  in  tannin  and  becoming  of  increasing  value 
in  the  tanning  and,  we  presume,  in  the  dyeing  industries. 
Contrary  to  what  is  now  very  generally  the  case  in  com¬ 
merce,  the  demand  for  these  barks,  as,  indeed,  for  every 
drug  containing  available  tannin,  is  gaining  ground  on  the 
supply.  These  trees  are  able  to  grow  in  the  poorest 
soils,  and  require  but  little  rainfall.  Hence  they  are 
capable  of  yielding  good  returns  in  districts  which  would 
otherwise  be  deserts.  Their  systematic  cultivation  has 
been  already  undertaken  with  success  in  the  Colonies  of 
Victoria  and  South  Australia,  and  it  is  now  recommended 
for  New  South  Wales. 

Of  the  312  (sic!)  Australian  species  of  Acacia  not  all 
are  equally  valuable.  One  of  the  finest  is  the  Acacia 
mollissima,  called  indiscriminately  by  the  colonists 
“  black  wattle,”  “  green  wattle,”  and  “  silver  wattle.” 
The  baik,  according  to  Baron  Mueller  ( Extra-Tropical 
Plants),  yields  in  the  dry  state  from  30  to  54  per  cent  of 
tannin,  ii  lbs.  of  black  wattle  bark  give  1  lb.  of  leather, 
whereas  5  lbs.  of  English  oak-bark  are  required  for  the 
same  quantity.  A  quarter  and  even  half  a  ton  of  bark  is 
sometimes  obtained  from  a  single  tree.  The  bark  of 
Acacia  pycnantha,  the  “  broad-leaved  wattle,”  yields  up 
to  46-47  per  cent  of  tannin  in  South  Australia. 

The  preparation  of  extra&s  of  these  naturally  arises, 
and  it  has,  in  faft,been  successfully  attempted  at  Echunga, 
in  South  Australia.  It  was,  however,  complained  that 
the  extracts  were  undesirably  rich  in  gum,  and  that  a  part 
of  the  tannin  was  destroyed  during  the  process  of  con- 
I  centration.  These  difficulties,  however,  could  doubtless 
I  be  overcome. 

Would  it  be  possible  to  use  these  barks  as  a  source  of 
tannic  acid  ? 

Concerning  the  adaptibility  of  the  wattle  barks  for  the 
purposes  of  the  dyer  and  the  tissue-printer  we  find  no 
data. 
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CORRESPONDENCE. 


THE  FELLOWSHIP  OF  THE  CHEMICAL 
SOCIETY. 


To  the  Editor  of  the  Chemical  Neivs. 

Sir, — As  you  have  opened  your  columns  to  correspond¬ 
ence  on  this  subject,  I  should  like  to  take  this  opportunity 
of  observing  that  in  the  main  I  cordially  agree  with  the 
views  propounded  in  your  last  issue  by  Mr.  Arnold 
Philip. 

It  appears  to  me  that  the  Chemical  Society  is  intended 
to  be  an  association  or  club,  as  it  were,  formed  by  persons 
interested  in  the  progress  of  chemical  science,  and  that 
any  one  who  is  thus  interested  has  a  reasonable  claim  to 
membership,  whether  he  be  a  professional  consultant  or 
analyst,  a  scientific  investigator,  a  manufacturer,  a 
teacher,  or  simply  an  educated  individual  with  scientific 
proclivities.  No  qualification  of  any  kind  beyond  the 
possession  of  such  an  interest  appears  to  me  to  be  indis¬ 
pensable  for  membership  ;  and  by  insisting  on  qualifi¬ 
cations  based  on  having  conducted  researches,  or  holding 
teaching  appointments,  &c.,  &c.,  a  grave  injustice  would 
be  done  to  many  who  have  sufficient  knowledge  of  chemi¬ 
cal  science  to  wish  to  belong  to  an  association  formed  to 
further  the  pursuit  of  that  branch  of  knowledge,  but  have 
not  pushed  their  studies  sufficiently  far  to  entitle  them  to 
put  forward  such  qualifications. 

Further,  the  notion  of  endeavouring  to  some  extent  to 
imitate  the  Royal  Society  by  making  critical  selections 
of  candidates  would,  I  imagine,  be  in  the  long  run  ex¬ 
tremely  prejudicial  to  the  interests  of  the  Society.  The 
number  of  persons  annually  admitted  would  materially 
diminish,  and  in  consequence  the  maintenance  of  the 
excellent  Journal  of  the  Society  would  be  jeopardised  if 
not  rendered  impracticable,  at  least  in  its  present 
form. 

On  the  other  hand,  it  is  unfortunately  the  faCt  that 
certain  persons  have  obtained  admission  to  the  Society 
who  use  the  letters  F.C.S.  in  an  objectionable  way  for 
advertising  purposes;  also  that  the  bulk  of  the  general 
public  are  still  so  densely  ignorant  of  almost  everything 
pertaining  to  science,  that  the  employment  of  these 
initials  is  often  taken  to  be  a  sort  of  guarantee  that  the 
person  using  them  is  necessarily  skilled  in  all  sorts  of 
professional  matters. 

The  proper  remedy  for  the  first  of  these  evils  is,  I  con¬ 
ceive,  that  the  Society  should  acquire  powers  to  prevent 
anyone  from  using  the  letters  F.C.S.  unless  he  actually 
at  the  time  belongs  thereto,  and  to  expel  and  deprive  of 
membership  anyone  misusing  his  privileges  as  a  Fellow. 
Probably  this  is  impracticable  under  the  present  charter; 
if  so,  it  is  worth  considering  whether  it  would  not  be  well 
to  resign  it  and  obtain  another  conferring  the  requisite 
powers. 

As  regards  enlightening  the  general  public  in  reference 
to  the  wide  difference  subsisting  between  societies  insti¬ 
tuted  for  the  advancement  of  abstract  science  (such  as  the 
Chemical,  Linnean,  &c.),  and  qualifying  bodies  dealing 
with  the  professional  applications  of  science  (such  as  the 
Royal  Colleges  of  Physicians  and  Surgeons,  the  Institute 
of  Chemistry,  &c.),  it  is  to  be  hoped  that  in  time  the 
general  progress  of  education  will  enable  such  distinctions 
to  be  more  widely  appreciated  than  is  the  case  at  present. 
It  seems  to  me,  however,  that  the  qualifying  bodies, 
rather  than  the  purely  scientific  ones,  are  the  prrper 
agents  to  take  aCtive  steps  in  the  direction  of  instructing 
the  public  in  such  matters ;  and  that  as  regards  the  parti¬ 
cular  points  raised  by  Drs.  Teed  and  Lloyd,  what  is 
chiefly  wanted  is  that  the  Institute  of  Chemistry  should 


be  roused  up  from  the  lethargy  to  which  it  has  apparently 
fallen  a  prey  of  late  years. — I  am,  &c., 

C.  R.  Alder  Wright. 

Chemical  Laboratory, 

St.  Mary’s  Hospital  Medical  School,  London,  W.C., 

October  12,  1890. 


RAPID  DETERMINATION  OF  TIN  IN 
MINERALS. 


To  the  Editor  of  the  Chemical  News. 

Sir, — In  the  Chemical  News,  vol.  lx.,  p.  271,  there  is  an 
article  entitled  “  A  New,  Easy,  Rapid,  and  Correct  Method 
of  Detecting  Tin  in  Minerals,”  by  Alexander  Johnstone, 
F.G.S.  The  method  therein  described  for  obtaining  the 
beads  of  metallic  tin  is  substantially  that  known  as 
“  Gahn’s  method.”  But  to  prove  that  the  beads  so  ob¬ 
tained  are  tin,  Mr.  Johnstone  recommends  that  “  two  or 
three  drops  of  boiling  concentrated  hydrochloric  acid  be 
poured  over  them  in  the  mortar ;  and  then,  by  means  of  a 
glass  tube,  one  drop  of  a  fairly  strong  solution  of  gold 
chloride  be  mixed  with  the  hydrochloric  acid  solution. 
“  Then,”  he  adds,  “  if  the  white  metallic  scales  originally 
observed  were  composed  wholly  or  partly  of  tin  . 
the  bottom  of  the  mortar  will  receive  a  distinct  purple 
stain  by  the  formation  of  the  well-known  characteristic 
purple  of  cassius  ;  also  further  confirm  the  presence  of 
tin  by  allowing  a  current  of  SH2  gas  to  impinge  for  a 
short  time  on  the  moist  stained  bottom  of  the  mortar, 
&c.” 

Now,  as  several  other  metals  besides  tin  may  be  ob¬ 
tained  by  “  Gahn’s  method,”  and  as  some  of  these  would  give 
substantially  the  same  reactions  as  tin,  when  treated  as 
directed  by  Mr.  Johnstone,  it  may  be  well  to  caution  the 
unwary  chemist  or  mineralogist  not  to  place  implicit  con. 
fidence  in  what  might  seem  a  positive  indication  of  the 
presence  of  tin  from  the  use  of  the  above  tests. 

As  a  matter  of  faCt,  the  blowpipe  tests  for  tin  are  very 
unsatisfactory,  save  in  such  minerals  as  contain  a  high 
percentage  of  the  metal  unmixed  with  other  easily 
reducible  metals.  I  was  forcibly  reminded  recently  of  the 
danger  of  depending  too  much  upon  what  seemed  to  be  a 
positive  indication  of  tin  in  a  certain  complex  ore.  I  had 
followed  the  directions  of  Mr.  Johnstone  carefully  in  the 
above-referred  to  test,  and  obtained  what  seemed  to  be 
positive  indications  of  the  presence  of  tin,  when,  upon  re¬ 
flection,  it  occurred  to  me  that  some  other  metal  or  metals 
might  be  present  instead,  and  upon  further  examination  I 
found  that  tin  was  entirely  absent,  and  that  the  only 
metal  present,  in  appreciable  quantity,  were  lead  and 
copper.  The  action  of  HC1  on  Cu  in  the  presence  of  air 
had  produced  cuprous  chloride,  and  the  following  reaction 
took  place  on  the  addition  of  AuCI3  :  — 

2AuCl3+3Cu2Cl2  =  Au2+6CuCl2 ; 

but  in  consequence  of  the  resemblance  between  thin 
laminae  of  iron  and  tin  (this  metal  with  spangles  of  lead 
mixed)  would  be  more  liable  to  mislead  than  Cu,  by  the 
formation  of  ferrous  chloride,  which  would  reduce  the 
AuC13,  as  follows  : — 

2  AuC13  -f-  6FeCl2  =  Au3  -f-  3  Fe2Cl5 

To  adopt  this  otherwise  convenient  method  for  the 
detection  of  tin  in  minerals  to  such  cases  as  it  now 
evidently  is  unsuited,  I  would  suggest  the  removal  of  the 
interfering  metals  (previous  to  fusion)  by  means  of 
(N02H0)  nitric  acid. — I  am,  &c., 

Thomas  Charlton, 

Rocky  Mountain  Smelting  Co., 

West  Cliff,  Colorado,! 

September  23,  1890. 
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CHEMICAL  NOTICES  FROM  FOREIGN 
SOURCES. 


Note. — All  degrees  of  temperature  are  Centigrade  unless  otherwise 
expressed. 

Comptes  Rendus  Hcbdumadaires  des  Seances,  de  /' Academic 
des  Sciences.  Vol.  cxi.,  No.  12,  September  22,  1890. 
Account  of  a  Scientific  Ascent  of  Mont  Blanc. — J. 
Janssen.- — -The  author’s  objedt  was  to  solve  the  controver¬ 
sial  question  of  the  presence  of  oxygen  in  the  solar 
atmosphere.  At  the  end  of  October,  1888,  he  had 
ascended  Mont  Blanc  up  to  the  hut  of  the  Grand  Mulets, 
situate  at  the  altitude  of  3000  metres,  above  the  jundtion 
of  two  of  the  glaciers  which  descend  from  the  north  slope 
cf  the  mountain  into  the  valley  of  Chamounix,  i.e.,  those 
of  Bossons  and  of  Tacconoz.  The  observations  then  made 
showed,  in  the  rays  due  to  the  adtion  of  the  atmospheric 
oxygen,  a  decrease  proportionate  to  the  height  of  the 
station,  and  which  indicated  that  at  the  limits  of  our 
atmosphere  these  groups  would  disappear  entirely,  and 
that,  consequently,  the  solar  atmosphere  aid  not 
intervene  in  the  production  of  the  phenomena.  Ihe  de¬ 
crease  of  intensity  of  the  group  B  between  the  Grand 
Mulets  and  the  station  of  the  Bosson,  near  the  summit, 
was  surprising,  being  greater  than  seemed  to  result  from 
the  height  and  the  density  of  the  atmospheric  column  be¬ 
tween  the  two  stations.  The  totality  of  the  author’s  ob¬ 
servations  compel  us  to  recognise  the  absence  ot  oxygen  in 
the  gaseous  solar  coatings  which  surmount  the  photo¬ 
sphere  ;  at  least,  oxygen  with  t lie  constitution  which 
enables  it  to  exert  upon  light  the  phenomena  of  absorp¬ 
tion  which  it  produces  in  our  atmosphere,  and  which  are 
manifest  in  the  solar  spedtrum  by  the  system  of  rays  and 
bands  which  we  know.  It  is  certain  that  if  oxygen  exists 
simultaneously  with  hydrogen  in  the  exterior  envelopes 
of  the  sun,  and  accompanies  the  latter  element  to  the 
coronal  atmosphere,  the  ultimate  refrigeration  at  a  period 
of  time  which  we  cannot  yet  fix  would  have  the  effedt  of 
provoking  the  combination  of  oxygen  and  hydrogen  if 
jointly  present.  Watery  vapour  would  then  be  formed 
in  these  gaseous  envelopes,  and  the  presence  of  such 
vapour,  according  to  what  we  know  of  its  properties, 
would  oppose  a  considerable  obstacle  to  the  solar  radia¬ 
tions,  especially  those  which  produce  heat. 


Bulletin  de  la  Societe  Chimique  de  Paris. 

Series  3,  Vol.  iii.,  No.  11. 

Adtion  of  Oxygenated  Water  upon  the  Oxygen 
Compounds  of  'V!  anganese. — A.  Gorgeu. —  In  this  second 
memoir  the  author  examines,  at  considerable  length,  the 
adtion  of  oxygenated  water  upon  permanganic  acid  and  the 
permanganates. 

Adtion  of  Oxygenated  Water  upon  Hydrated 
Manganese  Oxide. — A.  Gorgeu. — The  author,  in  oppo¬ 
sition  to  M.  Carnot,  maintains  that  this  readtion,  in  the 
varied  conditions  under  which  he  operated,  always  ob¬ 
tained  a  compound  bordering  on  the  sesquioxide  and  con¬ 
taining  io'io  per  cent  of  oxygen. 

On  the  Selenium  Chlorides. — W.  Ramsay,  F.R.S.— 
The  author  upholds  the  accuracy  of  his  former  communi¬ 
cation  as  against  M.  Chabrie.  He  submits  that  a 
body  which,  even  in  presence  of  an  excess  of  selenium, 
distils  with  dissociation  between  130°  and  170°  cannot 
boil  about  300°  without  decomposition. 

On  the  Dissociation  of  Selenium  Chloride. — W. 
Ramsay,  F.R.S. — A  supplement  to  the  last  communica¬ 
tion.  The  author  considers  that  M.  Chabrie  was  in  error 
in  submitting  the  sub-chloride  to  distillation.  The  boiling- 
point  does  not  exceed  190°,  even  when  the  temperature  of 

Manufacture  of  Colourless  Tannins. — A.  Villon. — 
See  p.  195. 


the  oil-bath  is  300°.  The  conditions  are  very  different  when 
its  vapour  is  exposed  to  a  temperature  of  300°.  He 
believes  that  it  is  then  completely  dissociated. 

On  the  Oxidising  and  Decolourising  Properties  of 
Carbons. — P.  Cazeneuve. — It  results  that  if  the  de¬ 
colourising  properties  of  charcoal  are  due  to  a  mechanical 
fixation  of  the  colours  upon  the  carbonised  matter,  we 
must  not  negledt  the  part  played  by  the  oxygen  condensed 
in  the  pores  in  a  state  comparable  to  ozone,  and  exerting 
an  evident  destructive  action  upon  certain  colours,  and, 
on  the  contrary,  occasioning  the  production  of  certain 
other  colours,  which  are  oxidation  products. 

On  the  Conditions  of  Equilibrium  of  Saturated 
Carbon  Compounds. — J.  A.  Le  Bel. — This  paper  does 
not  admit  of  useful  abstraction. 

A  Characteristic  Readtion  of  Hydrogen  Peroxide. 
—  G.  Deniges. — If  a  solution  of  10  per  cent  of  ammonium 
molybdate  in  water  is  mixed  with  an  equal  volume  of 
concentrated  sulphuric  acid  (say  1  c.c.  of  each)  it  gives,  with 
a  few  drops  of  oxygenated  water,  a  decided  yellow  colour, 
equal  in  intensity  to  the  solutions  of  the  alkaline 
chromates  and  di-chromates. 

On  Paranitro-ortho-toluene  sulphonic  Acid.  —  J. 
Hausser. —  The  sulpho-conjugated  acid  of  paranitro- 
toluene  displaces  sulphuric  acid  in  soluble  sulphates. 
Metasulphonatea  nitrotoluene  seems  to  possess  the  same 
properties  as  its  isomers. 


Revue  Generate  des  Sciences  Pures  et  Appliques. 

Vol.  i.,  No.  16,  August  30,  1890. 

The  Chlorides  of  the  Dibasic  Acids. — Victor  Auger. 
— The  only  acids  which  can  form  dyssimetric  chlorides 
are  those  in  which  the  carboxyls  are  in  the  position  y, 
or,  as  it  is  otherwise  called,  in  the  position  1-4.  Here 
there  is  a  manifest  approximation  to  the  production  of  the 
ladtones  and  the  ladtames. 

Vol.  i.,  No.  17. 

Researches  on  the  Absorption  of  the  Ultra-violet 
Rays  of  Various  Substances. — J.  Soret  and  A.  Rillet. — 
The  authors  commenced  investigations  on  this  subject 
about  ten  years  ago,  and  have  latterly  been  chiefly 
engaged  with  bodies  of  the  fatty  series.  They  have  en¬ 
countered  considerable  difficulty  in  obtaining  these  bodies 
in  a  state  of  purity,  which  interferes  with  the  accuracy  cf 
he  results.  The  alcohols  present  a  high  transparence. 
Rectification  and  especially  complete  desiccation  occasion 
a  decomposition  or  an  oxidation  of  the  alcohols,  which 
often  diminishes  their  transparence.  It  would  be  prema¬ 
ture  to  affirm  that  there  exists  a  determined  difference  of 
transparence  among  the  various  alcohols  if  perfectly  pure. 
The  authors  cannot,  therefore,  confirm  the  conclusion  of 
Hartley  and  Huntington,  that  the  transparence  of  alco¬ 
hols  diminishes  progressively  as  their  chemical  fo-mula 
becomes  more  complicated.  The  measure  of  absorption 
of  the  ultra-violet  rays  constitutes  a  very  delicate  means 
for  appreciating  the  purity  of  alcohols.  Aldehyd,  if  un¬ 
diluted,  intercepts  the  ultra  violet  rays  almost  completely. 
The  acetones  aie  very  absorbent.  The  energetic  absorp¬ 
tion  of  aldehyd  and  the  acetones  is  probably  due  to  the 
group  carbonyl,  CO,  for  if  this  group  is  replaced  by  O  we 
obtain  very  transparent  bodies.  The  authors  have  finally 
made  summary  researches  on  the  absorption  of  the  ultra¬ 
violet  rays  by  the  vapours  of  different  organic  substances, 
and  have  been  able  to  demonstrate  that  very  opaque 
liquids,  if  sufficiently  volatile,  give  vapours  which  exeit  a 
sensible  absorption. 


IVOR  SALE.  —  The  Chemical  Gazette. 

Complete  Set  (unbound  and  uncut),  17  volumes;  from  Novem¬ 
ber,  1842,  to  December,  1859. — Address,  “  Publisher,”  Chemical- 
News  Office,  Doy  Court,  Lucgate  Hill,  London,  E.C. 
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ON  THE  INFLUENCE  Or\ 

COPPER-  POTASSIUM  CHLO^I.  r 

SATURATED  SOLUTIO^R  £ 

By  Prof.  Van ’t  HOFF. 

The  blue  crystals  of  copper-potassium  chloride, — 
CuCI2.2KC1.2H20, 

when  heated  upwards  to  ioo°  change  their  colour,  and 
more  close  investigation  proves  such  is  due  to  the  forma- 
tioon  of  a  new  brown  salt,  CuCl2. KC1,  according  to  the 
equation  CuCl2.2KC1.2H20  =  CuCl2.  KC1  +  C1K+2H20. 

This  same  new  substance  can  be  obtained  a I  low  tem¬ 
peratures,  on  heating  the  blue  double  salt  in  presence  of 
copper  chloride;  it  then  results  from  a  reaction,  given  by 
the  following  symbols:  — 

CuCl2.2KC1.2H20  +  CuCl2.2H20  =  2CuCl2.KCI  +  4PI20. 

Both  these  transformations  are  reversible,  i.e.,  the 
primitive  substances  are  obtained  anew  on  cooling,  and 
both  take  place  at  definite  temperatures,  93°  and  56° 
respectively,  which  temperatures  can  be  accurately 
determined  in  studying  the  abrupt  change  of  volume 
which  accompanies  that  of  chemical  composition. 

The  temperatures  of  56°  and  93°  are,  moreover, 
characterised  by  an  interaction  of  three  curves  of  solubility, 
in  each  case,  viz. : — 

1.  At  56°  the  following  three  will  meet  :  — 

a.  That  of  the  system  CuCl2.2KC1.2H20,CuCI2  2H20. 

b.  That  of  the  system  CuCl2.2KC1.2H20,CuC!2.ClK. 

c.  That  of  the  system  CuC12.C1K,CuC12.2H20. 

2.  At  930:  — 

a.  That  of  the  system  CuCI2-2CCl,2H20,CiK. 

b.  That  of  the  system  CuCl2’2KCl'2H20,CuCl2.KCl. 

c.  That  of  the  system  CuC12.KC1,C!K. 


of  experiments  I  am  now  making  on  the  changes  in  com¬ 
position  of  certain  waters,  by  keeping  under  varied  condi¬ 
tions,  lead  me  to  believe  that  ere  long  the  study  of  these 
changes  will  be  of  great  aid  in  enabling  us  to  judge  of  the 
quality  of  a  water,  and  especially  of  those  waters  which  at 
the  present  time  the  chemist  or  medical  officer  can  only 
state  to  be  suspicious.  One  of  these  changes,  and  one  of 
the  most  easily  followed,  is  the  variation  in  amount  of 
nitrous  nitrogen.  As  an  example  I  will  quote  that  of  the 
most  extreme  case  I  have  yet  met  with.  A  water  which 
from  a  mere  chemical  analysis  would  have  been  passed  as 
“usable ’’when  examined  soon  after  drawing  from  the 
pump  showed  no  trace  of  nitrites.  Three  days  after  it 
contained  no  less  than  3'5  parts  of  nitrous  nitrogen  per 
litre,  and  on  the  sixth  day  after,  it  was  again  free  from 
nitrites.  Other  changes  proceeded  pari  passu,  and  these 
together  with  a  bacteriological  examination  proved  the 
water  to  be  seriously  contaminated. 

It  was  when  commencing  this  investigation  that  the 
want  of  a  simple  and  reliable  quantitative  test  for  nitrites 
made  itself  felt.  The  metaphenylene-diamine  and  the 
naphthylamine  tests  were  fairly  tried,  but  did  not  answer 
my  purpose,  neither  did  tiiration  with  potassium  perman¬ 
ganate.  In  working  out  the  process  for  determining  the 
amount  of  dissolved  oxygen  in  water  which  I  described 
early  this  year  in  a  paper  lead  before  the  Chemical  Society, 
the  addon  of  nitrous  acid  on  potassium  iodide  in  the  pre¬ 
sence  of  a  varying  propoition  of  free  oxygen  was  deter¬ 
mined,  and  the  results  led  me  to  believe  that  after  all  the 
old  potassium  iodide  and  starch  test  for  nitrites  could  be 
made  a  reliable  colorimetric  quantitative  one  for  water 
analysis.  The  results  of  my  experiments  having  this  for 
their  ohjed  may  be  summaiised  as  follows: — 

1.  With  the  same  proportions  of  acid,  starch,  and 
potassium  iodide,  the  rapidity  with  which  the  blue  tint  is 
developed,  and  the  depth  of  tint  varies  with  the  degree  of 
oxygenation  of  the  water. 

2.  The  depth  of  tint  increases  with  the  time  which 
elapses  between  the  addition  of  the  reagents  and  the 
observation.  This  is  due  to  the  fad  that  the  NO  liberated 
is  ading  continuously  as  a  carrying  agent  between  the 
oxygen  dissolved  in  the  water,  and  of  the  air  in  contad 
with  the  surface  of  the  fluid  and  the  hvdric  iodide, 
liberating  an  equivalent  of  iodine  corresponding  to  the 
oxygen  carried. 


Lastly’,  those  same  temperatures  are  charadlerised  also 
by  an  intersedtion  of  four  vapour  pressure  curves  at  each, 
viz.  : — 

1.  At  56°  those  of  the  above-mentioned  three  saturated 
solutions  and  that  of  the  dry  blue  salt,  mixed  with  copper 
chloride,  meet. 

2.  At  930  those  of  the  other  three  mentioned  above 
and  that  of  the  dry  blue  salt  mixed  with  potassium 
chloride. 

Amsterdam,  Sept.  14,  1890. 


THE  ESTIMATION  OF  NITRITES  IN 

POTABLE  WATERS.! 

By  JOHN  C.  THRESH,  M.B.,  D.SC., 

Medical  Officer  of  Health. 


Probably  no  analyst  feels  that  he  has  made  a  complete 
examination  of  a  water  unless  he  has  at  least  made  a 
qualitative  test  for  nitrites,  and  if  he  finds  indications  of 
their  presence  he  justly  regards  the  water  with  suspicion, 
but,  uncertain  what  further  inference  to  draw,  a  quantita¬ 
tive  examination  is  rarely  made.  Though  this  quantitative 
analysis,  therefore,  does  not  seem  to  be  a  matter  of  much 
importance  in  the  present  state  of  our  knowledge,  a  series 

*  Abstract  of  a  Paper  read  before  the  British  Association,  Leeds 
Meeting,  1S90,  Sedion  B. 

i  From  the  Pharmaceutical  Journal,  September  20,  1890. 


3.  The  effed  of  temperature  is  such  that  comparisons 
cannot  be  made  unless  the  fluids  are  vdthin  2°  or  30  of  the 
same  temperature.  Thus,  eg.,  at  65°  F.,  in  very  weak 
solutions,  the  colour  is  not  developed  so  rapidly  as  at  6o° 
F.,  ccrteris  paribus. 

4.  With  the  same  proportions  of  starch  and  iodide  and 
in  samples  fully  oxygenated,  &c.,  the  colouration  varies 
with  the  amount  and  nature  of  the  acid  used. 

5.  The  amount  of  potassium  iodide  added  affeds  the 
result  considerably’.  The  larger  the  proportion  of  iodide, 
within  ceitain  limits,  the  greater  the  rapidity  of  the 
reaction. 

6.  The  quantity  and  nature  of  the  starch  solution  are 
also  fadors  requiring  recognition.  If  too  large  a  propor¬ 
tion  of  starch  be  added,  a  marked  reddish  tint  is  first 
developed  instead  of  the  blue  tint,  and  this  readion  is  still 
more  marked  if  the  starch  solution  has  begun  to  change 
by  keeping. 

7.  When  all  the  above  fadors  are  constant,  then  the 
rapidity  with  which  the  blue  tint  is  developed  and  the 
depth  of  tint  varies  diredly  with  the  amount  of  nitrite 
present  in  the  water. 

I  need  not  trouble  you  w  ith  the  account  of  the  numerous 
experiments  upon  which  these  conclusions  are  based,  nor 
of  the  further  investigation  conduded  to  ascertain  how 
the  information  so  obtained  could  be  made  available  for 
rendering  the  iodine  and  starch  readion  reliable  as  a 
quantitative  test.  I  will  merely  give  you  now  an  account 
of  the  reagents  required  and  the  mode  of  conduding  the 
analysis  which  I  have  found  to  give  the  most  satisfactory 
results. 
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Reagents  : — 

x.  Solution  of  Starch  and  Potassium  Iodide. 

Starch  in  powder . o-2  grm. 

Caustic  potash  .  i-o  ,, 

Potassium  iodide .  2-o  grms. 

Water  . 200  c.c. 

Add  the  starch  to  10  c.c.  of  water,  and  when  uniformly 
diffused  add  the  caustic  potash.  Dissolve  without  the  aid 
of  heat  and  add  the  remainder  of  the  water  and  the 
potassium  iodide.  Strain  or  filter.  This  solution  keeps 
for  months  without  appreciable  change.  One  c.c.  is 
required  for  each  determination. 

2.  Dilute  Sulphuric  Acid. 


Pure  sulphuric  acid .  1  vol. 

Distilled  water . 3  vols. 


This  is  the  same  strength  as  used  for  the  permanganate 
test,  and  I  always  employ  it  for  both  purposes. 

3.  Solution  of  Sodium  Nitrite. 

Sodium  nitrite  . 0-493  grm. 

Water .  1  litre. 

Dissolve : — 

1  c.c.  =  o-i  m.gr.  nitrogen. 

Apparatus. — Two  or  more  50  c.c.  Nesslerising  cylinders. 

Process. — Shake  the  sample  of  water  vigorously  in  a 
bottle  only  partially  filled,  to  saturate  with  air;  pour  50 
c.c.  into  the  cylinder,  and  add  1  c.c.  of  the  starch  and 
iodide  solution,  and  afterwards  1  c.c.  of  the  dilute  acid. 
Stir.  Assuming  the  temperature  to  be  about  6o°  F.,  if  a 
dark  blue  tint  develops  instantaneously  the  water  contains 
more  than  1  per  million  of  nitrous  nitrogen.  If  it  becomes 
blue  in  a  few  seconds  it  contains  about  o-i  per  million.  If 
it  requires  more  than  xo  seconds  to  develop  it  contains 
less  than  this  amount. 

If  the  blue  colour  appears  instantly  the  water  must  be 
diluted  with  known  proportions  of  nitrite  free  water 
(saturated  with  air)  until  it  is  found  by  experiment  that 
the  colour  takes  a  few  seconds  to  develop. 

With  a  very  little  experience  the  approximate  amount 
of  nitrite  present  can  be  ascertained  with  considerable 
precision' by  these  simple  preliminary  experiments.  Now 
prepare  a  standard  solution  of  sodium  nitrite  by  diluting 
1  c.c  of  the  strong  nitrite  solution  with  200  c.c.  of  water. 
One  cubic  centimetre  of  this  weaker  solution  diluted  to 
50  c.c.  corresponds  to  o-ox  m.gr.  nitrous  nitrogen  per  litre. 

Measure  into  the  Nessler  glasses  varying  quantities  of 
this  dilute  nitrite  solution  and  fill  up  with  water.  Now 
take  50  c.c.  of  the  water  to  be  examined,  or  of  the  diluted 
water,  if  dilution  were  found  necessary,  and  to  each  add 
successively  1  c.c.  of  the  starch  and  iodide  solution  and 
dilute  acid  and  note  how  the  blue  tint  develops.  If  none 
of  the  solutions  correspond  with  the  water  a  fresh  series 
must  be  prepared.  In  this  way,  in  a  very  few  minutes  the 
amount  of  nitrite  in  any  sample  of  potable  water  can  be 
easily  obtained  with  a  very  considerable  approach  to 
accuracy. 

Since  I  commenced  employing  this  test  I  have  analysed 
over  180  samples  of  water,  510!  which  contained  nitrites, 
varying  from  0-005  to  3-4  parts  nitrogen  per  million,  and  I 
have  had  no  reason  to  suspedt  inaccuracy  from  the  inter¬ 
ference  of  other  constituents  in  any  single  case. 

To  render  the  process  more  intelligible  I  will  give 
details  of  two  determinations.  Two  solutions  were  pre¬ 
pared  for  me  by  an  assistant  and  marked  “a”  and  “  h" 
respectively. 

a.  Fifty  c.c.  +  reagents  gave  a  blue  tint  in  about  ten 
seconds.  It  was  therefore  about  the  proper  strength  for 
estimation. 

Ten  c.c  of  the  dilute  nitrite  solution  was  diluted  to  50 
c.c.  and  compared  with  the  sample.  The  colour  seemed 
to  develop  a  little  more  rapidly,  but  the  difference  was  not 
very  marked.  Three  solutions  were  prepared  by  diluting 


5,  7,  and  9  c.c.  respectively  of  dilute  nitrite  solution  to 
50  c.c. 

5  c.c.  =o-o5  N  per  million . .  ..  too  weak. 

7  c.c.  =0-07  „  ....  ,, 

g  c.c.  =o,og  ,,  ....  too  strong. 

Another  solution  containing  o'o8  N  per  million  was  then 
made  and  compared  with  the  sample ;  the  blue  tint 
developed  a  little  more  rapidly.  The  strength  was  certified 
to  be  0-075  N  per  litre.  The  aCtual  strength  was  0-07  per 
litre. 


h.  Original  water  gave  a  dark  blue  instantly. 

Diluted  to  i-ioth  a  pale  blue  ,, 

,,  i-25th  colour  developed  in  a  few  seconds. 
Compared  125th  with  0-05  ..  ..  too  weak. 

and  o’io  ..  ..  little  too  strong. 

Now  compared  with  : — 

0-08 . too  weak. 

0  09 . about  right. 

o-io . too  strong. 

o-og  F25  =  2-25  N  per  litre.  The  aCtual  strength  was 
said  to  be  2-5  N  per  litre. 


The  following  results  may  also  be  quoted  as  fair 
examples  of  the  accuracy  obtainable  :  — 

Nitrous  Nitrogen  per  litre. 

< - ’ - - - \ 

Present.  Found. 


o’i  per  million 
0625  „ 

0-625  ,, 

0-093  „ 

O'OI 

0-05 

0-125  „ 


o’io  per  million 
0-65  „ 

o  625  „ 

0-095  .» 

O'OI  ,, 

°"°5  i) 

0-13 


The  time  occupied  by  a  determination  is  usually  about 
5  minutes,  the  reagents  are  easily  made  and  preserved,  and 
the  necessary  conditions  easily  observed.  I  can,  therefore, 
recommend  the  process  to  such  as  may  desire  at  any 
time  to  estimate  the  nitrites  in  potable  waters. 


ON  AN  APPARATUS  APPLICABLE  FOR  GAS 
ANALYSIS  AND  OTHER  PURPOSES.* 

By  W.  E.  ADENEY,  F.I.C.,  Assoc. R.C. Sc. I., 

Curator  and  Examiner  in  Chemistry  in  the  Royal  University,  Dublin. 

(Concluded  from  p.  199). 


The  following  results,  taken  at  random,  of  analyses  of 
sewage  and  of  air  will  serve  to  indicate  the  degree  of 
accuracy  which  is  ordinarily  attainable  with  the 
apparatus  : — • 

(I.)  Analyses  of  the  gases  resulting  from  the  combustion 
of  the  residue  obtained  by  evaporating  50  c.c.  of  the 
sample  of  sewage  with  metaphosphoric  acid  to  dryness. 

All  measurements  made  at  the  14  c.c.  division  line  on  the 
burette.  Closed  pressure  tube  employed. 


Height  of  mercury  in  pressure  tube  (moist) 

I. 

M.m. 

776-5 

II. 

M.m. 

786-0 

,,  ,,  ..  burette  . 

35i-o 

35X-° 

Pressure  of  the  gas . 

425-5 

435-0 

Temperature . 

20°  C. 

20°  C. 

After  absorption  with  potassium  hydrate: 
Height  of  mercury  in  pressure  tube  . . 

5H 

512 

„  „  „  burette  . 

351 

351 

Pressure  of  gas  after  absorption  of  C02  . . 

163 

l6l 

Tension  of  C02  . 

262-5 

274-0 
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After  absorption  with  pyrogallic  acid  :  — 


Height  of  mercury  in  pressure  tube  ..  ..  509-5  5iro 

>i  i)  !>  burette  . 351-0  351-0 

Pressure  of  nitrogen  .  158-5  160-0 


Capacity  of  burette  at  14  c.c.  division  line  =  14-2267  c.c. 

The  parts  per  100,000  of  organic  carbon  and  total 
nitrogen  contained  in  sewage  are  calculated  from  the 
above  determinations  in  the  ordinary  way. 

Analysis  No.  I.  gives  : — 

4- 9  parts  carbon  per  100,000 

6- 96  parts  nitrogen  per  100,000 

Analysis  No.  II.  gives: — 

5- 1  parts  carbon  per  100,000 

7- 02  parts  nitrogen  per  100,000 


(II.)  Amalyses  of  air.  About  175 

c.c.  air  at 

ordinary 

pressure  taken. 

All  measurements  made  at  the  100 

c  c.  line  on 

:  burette. 

Open  pressure  tube  employed. 

I. 

II. 

M.m. 

M.m. 

Height  of  mercury  in  pressure  tube.. 

628-50 

6285 

Atmospheric  pressure . 

75575 

759'1 

Total  pressure  . 

=  1384-25 

1387  6 

Height  of  mercury  in  burette  .. 

210*00 

210-0 

Pressure  of  the  gas . 

=  ii74-25 

1177-6 

After  absorption  with  potassium  hydrate  : — 

Total  pressure  . 

I373'45 

II76  80 

Tension  of  C02 . 

o'8o 

o-8o 

After  absorption  with  pyrogallic  acid: — ■ 

Total  pressure  . 

933'25 

936-30 

Tension  of  oxygen  . 

240-20 

240-50 

Temperature . 

16-5°  C. 

18-4°  C. 

Tension  of  nitrogen .  919  286  g20-gn 

Tension  of  aqueous  vapour  at  16-5  =  13  964  m.m. 

,,  „  ,,  18-4=15-389  m.m. 

I.  II. 

M.m.  M.m. 

Percentage  of  nitrogen  ..  ..  =79-2299  79-2379 

,,  oxygen  ..  ..  =207001  20-6933 

,,  carbon  dioxide  . .  =  0-0689  0-0683 

When  explosions  are  to  be  made  in  the  apparatus,  the 
gas  is  first  measured  as  above  described  ;  the  oxygen  or 
hydrogen  is  then  passed  into  the  laboratory  vessel  through 
the  reagent  tube,  and  after  the  mixed  gases  have-  been 
measured,  they  are  returned  to  the  laboratory  vessel  and 
exploded  therein  under  reduced  pressure  according  to  the 
directions  given  by  Thomas  (Chan.  Soc.  Journ.,  xx^v. , 

213)- 

The  hydrogen  or  oxygen  maybe  passed  into  the  labora¬ 
tory  vessel  with  great  facility.  The  gas  is  first  collected 
in  a  test-tube  or  other  suitable  vessel  over  mercury;  the 
india-rubber  tube  attached  to  the  reagent  tube  is  then 
carefully  freed  from  air  and  filled  -with  mercury  in  the 
manner  above  described,  and  cautiously  inserted  into  the 
test-tube  ;  then,  on  lowering  the  reservoir,  the  gas  will 
pass  from  the  test-tube  into  the  laboratory  vessel. 

The  method  of  employing  the  apparatus  for  the  analysis 
of  nitrates  or  carbonates,  and  for  other  similar  purposes, 
will  be  understood  from  the  foregoing  descriptions.  It 
need  only  be  mentioned  that  a  known  quantity  of  the  sub¬ 
stance  to  be  analysed  is  placed  in  a  small  flask  in  the 
solid  form  or  in  solution,  and  the  flask  is  attached  to  the 
tube  li  of  the  apparatus.  The  flask  is  exhausted  and  the 
necessary  reagent  added  through  the  cup  and  stop-cock  g. 

I  trust  in  a  future  communication  to  the  Society  to  give 
the  results  of  a  research  on  certain  methods  of  water 
analysis  upon  which  I  have  been  engaged  for  some  time 
past,  and  to  show  how  the  apparatus  maybe  conveniently 


employed  for  determining  the  dissolved  gases,  organic 
carbon,  and  the  nitrogen  in  waters. 

In  the  early  part  of  this  paper  it  was  pointed  out  that 
the  reservoir  supplying  mercury  to  the  burette  and  pres¬ 
sure  tube  was  connected  with  the  latter  and  not  with  the 
former.  With  this  class  of  apparatus  such  an  arrange¬ 
ment  is  essential,  because,  when  the  reservoir  is  kept  for 
any  length  of  time  at  a  lower  level  than  that  of  the  bottom 
of  the  burette,  and  this  is  constantly  necessary  when 
working  in  vacuo  or  under  reduced  pressure,  air  diffuses 
through  the  india-rubber  connecting  tube,  and  passes  into 
the  pressure  tube  immediately  the  reservoir  is  raised 
again.  It  would,  of  course,  pass  into  the  burette,  and  the 
experiment  would  be  vitiated  if  the  connecting  tube  were 
directly  attached  to  the  burette.  The  air  may  be  expelled 
from  the  pressure  tube  when  necessary  by  opening  its 
stop-cock  and  raising  the  reservoir  sufficiently  high  to  fill 
the  tube  with  mercury. 

It  will  be  noticed  that  the  pressure  tube  is  not  provided, 
as  in  the  case  of  Thomas’s  or  Macleod’s  apparatus,  with  a 
water  jacket  for  keeping  its  contents,  when  employed  as 
a  closed  and  “  wet  ”  pressure  tube,  at  the  same  tempera¬ 
ture  as  the  contents  of  the  burette,  nor  are  means  furnished 
for  continually  renewing  the  water  in  the  cylinder  c  during 
an  analysis.  I  have  found  that  neither  additions  are 
necessary  to  this  class  of  apparatus  for  all  ordinary  pur¬ 
poses.  Since  the  burette  is  of  a  considerable  length,  viz., 
640  m.m.,  the  measurements  may  in  nearly  all  cases  be 
made  with  advantage  with  an  open  pressure  tube  ;  and  if 
the  cylinder  c  be  filled  with  water  that  has  been  kept  ex- 
posed  for  some  time  to  the  temperature  of  the  laboratory 
in  which  the  apparatus  is  kept,  the  water  will  not,  if 
ordinary  care  be  observed,  alter  sufficiently  to  appreciably 
affeCt  the  results  of  an  analysis.  When  it  is  necessary  to 
use  a  closed  pressure  tube,  and  it  is  at  the  same  time 
necessary  to  work  with  t  e  utmost  degree  of  accuracy, 
then  it  is  preferable  to  employ  a  “  dry  ”  closed  tube  ;  but 
even  if  it  be  employed  “  wet  ”  very  good  results  will  be 
obtained.  The  additions  above  referred  to  have  the  great 
disadvantage  of  rendering  the  apparatus  much  more  com¬ 
plicated  and  liable  to  fradture.  I  have  endeavoured  to 
make  the  apparatus  here  described  as  simple  as  proper  re¬ 
gard  for  accuracy  of  result  will  allow,  in  the  hope  that  it 
will  supply  the  want  of  an  effective  and  simple  apparatus, 
which  I  have,  in  common  with  other  chemists,  experienced 
in  teaching  methods  of  analysis  involving  the  evolution, 
colledtion,  and  measurement  of  gases,  and  that  it  will  be 
consequently  found  useful  in  a  laboratory  in  which 
advanced  students  are  taught,  as  well  as  for  the  purposes 
of  research  work. 

With  reference  to  the  possibility  of  maintaining  the 
apparatus  in  good  working  order,  I  may  say  that  I°have 
employed  it  for  a  large  number  of  experiments  of  various 
kinds  during  the  past  six  months,  and  have  found  no 
difficulty  in  maintaining  the  stop-cocks  in  such  good  order 
that  a  vacuum  can  be  maintained  in  the  burette  and  pres¬ 
sure  tube  unimpaired  for  several  days.  Some  difficulty 
was  at  first  experienced  when  attempting  to  subjedt  a  gas 
in  the  burette  to  high  pressure,  owing  to  the  stopper  of 
the  burette  being  loosened  and  pressed  out.  The 
difficulty  was  overcome  by  lubricating  the  stopper  with  a 
mixture  of  beeswax  and  vaseline. 

Other  advantages  of  the  apparatus  besides  simplicity 
and  wide  range  of  applicability  are  its  comparative  freedom 
from  the  risk  of  breakage,  and  its  cheapness.  The  glass 
parts,*  with  the  exception  of  the  scale  at  the  back  of  the 
pressure  tube,  were  obtained  at  a  cost  of  45s. ;  the  cost  of 
putting  the  parts  together,  including  time  and  fittings, 
was  about  40s. ;  and  it  may  be  taken  that  ihe  apparatus 
cost  in  all  not  more  than  £5. 

In  conclusion,  I  desire  to  express  my  sincere  thanks  to 
my  old  pupil  and  friend,  Mr.  James  Carson,  C.E.,  Assoc. 


*  My  acknowledgments  are  due  to  Messrs.  Baird  and  Tatlock,  of 
Glasgow,  through  whom  I  obtained  the  glass  parts  of  the  apparatus, 
for  the  care  and  accuracy  with  which  all  the  diretftions  given  to  them 
were  carried  out. 
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R.C.Sc.I.,  for  the  aid  he  has  unsparingly  given  me  in 
making  a  large  number  of  laborious  experiments  with 
which  to  test  the  apparatus.  My  thanks  are  also  due  to 
John  Connolly,  the  laboratory  assistant  in  the  Royal 
University,  for  the  skilful  assistance  he  has  rendered  me 
in  fitting  the  apparatus  together. 


THE  OXIDATION  OF  SULPHIDES  BY  MEANS 
OF  THE  ELECTRIC  CURRENT.* 

By  EDGAR  F.  SMITH. 

In  the  Proceedings  of  the  Chemical  Sedion  of  the 
Franklin  Institute,  i.,  52,  and  the  Berichte,  xxii.,  1019,  a 
preliminary  report  was  published,  describing  a  rapid 
method  for  the  conversion  of  sulphur  into  sulphuric  acid 
through  the  agency  of  the  eledric  current.  It  was  there 
demonstrated  that  the  sulphur  in  the  mineral  chalcopyrite, 
for  example,  was  completely  oxidised  to  sulphuric  acid  in 
ten  minutes,  and  that  the  oxides  Fe2C>3,  CuO,  &c.,  were 
eliminated  from  the  analysis,  so  that  the  barium  sulphate 
finally  weighed  was  perfedly  white  in  appearance,  and 
not  contaminated  with  the  impurities  usually  accompany- 
it  when  precipitated  from  solutions  containing  much 
iron,  &c. 

To  give  a  better  idea  of  the  mode  of  carrying  out  an 
oxidation  of  this  description,  the  apparatus  used  for  this 
purpose  will  be  first  outlined. 

T  represents  a  table  upon  which  stands  A,  an  ordinary 
filter-stand,  in  the  base  of  which  is  fixed  a  binding  screw 
holding  in  position  a  heavy  copper  wire  bent  as  seen  in 
the  sketch,  and  intended  to  carry  the  nickel  crucible  in 
which  the  oxidation  occurs.  The  arm  of  the  filter-stand 
has  attached  to  it  a  binding  screw  holding  a  heavy 
platinum  wire,  as  well  as  the  copper  wire  generally  in 
connedion  with  the  anode  of  the  battery.  £  is  a  Kohl- 
rausch  ampere-meter,  registering  amperes  and  half 
amperes  ;  this  is  in  connection  with  C,  a  block  of  wood 
screwed  or  nailed  to  the  table.  There  are  four  depressions 
(x)  in  C  containing  a  few  drops  of  mercury,  in  contact  with 
the  binding  screws  (a).  D  is  the  movable  top  of  C  ;  the 
wires  crossing  it  project  on  the  under  side  and  rest  in  the 
mercury  cups  (x).  When  D  is  so  arranged  that  the  wires 
on  its  upper  face  run  in  the  direction  of  the  dart,  the/\ 
crucible  becomes  the  anode  of  the  battery,  whereas  if 

they  have  a  horizontal  position, - >  the  crucible  is 

the  cathode. 

F  is  a  resistance  frame,  consisting  of  about  500  feet  of 
common  iron  wire  arranged  upon  a  light  wooden  parallelo¬ 
gram.  It  should  always  be  in  the  ciicuit. 

The  movable  cap  D  is  necessary  and  important.  It 
enables  the  operator  to  change  the  poles  quickly — to 
reverse  the  current  at  a  moment’s  notice.  In  the  oxida¬ 
tions  to  be  described  later  on,  this  was  frequently  neces¬ 
sary,  chiefly  because  when  the  crucible  served  as  cathode 
in  many  of  the  decompositions  there  often  occurred  a 
considerable  deposition  of  metal  upon  its  sides,  and 
in  the  ad  of  separating  this  metal  enclosed  undecomposed 
material  and  withdrew  it  from  the  field  of  oxidation.  In 
such  cases,  by  making  the  crucible  the  anode,  as  above 
indicated,  the  mineral  matter  will  be  liberated,  and0'jpon 
coming  in  contad  with  a  large  oxidising  surface,  all  the 
sulphur  contained  in  it  will  be  converted  into  stilphutic 
acid.  The  crucible  should  alw  ays  be  covered  during  the 
oxidation. 

Oxidation  oj  the  Sulphur  in  Sulphides. 

In  the  oxidations  given  later,  nickel  crucibles  xj  inches 
high  and  1“  inches  wide  were  used  ;  but  a  more  advan¬ 
tageous  form,  one  which  should  always  be  employed  when 
more  than  0-15  grm.  of  material  is  used,  would  measure 


2  inches  in  length  and  1 J  inches  in  width.  In  such  a  vessel 
place  25 — 30  grms.  of  pure  potassium  hydroxide  (not 
sodium  hydroxide),  and  warm  the  same  until  the  excess 
of  moisture  is  expelled.  Bring  the  weighed  sulphide  into 
the  crucible,  conned  the  latter  with  the  copper  wire  shown 
in  the  sketch,  and  lower  the  platinum  wire  so  that  it 
extends  a  short  distance  below  the  surface  of  the  molten 
mass.  The  current  is  then  made  to  pass  by  bringing  a 
metallic  cup,  connected  with  one  pole  of  the  battery,  in 
contad  with  one  of  the  wires  of  the  resistance  frame,  F. 
The  sulphur  will  be  completely  oxidised  in  from  ten  to 
twenty  minutes.  Interrupt  the  current,  allow  the  crucible 
and  contents  to  cool,  then  place  the  same  in  water.  In  a 
few  minutes  all  but  the  insoluble  oxides  will  have  dissolved. 
Filter,  acidulate  the  warm  filtrate  with  hydrochloric  acid, 
and  precipitate  the  sulphuric  acid  in  the  usual  manner. 
If,  upon  adding  acid  to  the  alkaline  solution  the  latter 
becomes  turbid,  from  separated  sulphur,  it  is  an  indication 
that  the  oxidation  was  incompleie.  Observe  closely 
whether  sulphur  dioxide  is  liberated  even  when  the  liquid 
remains  clear.  Never  omit  the  examination  of  the  residue 
remaining  on  the  filter,  after  the  alkaline  solution  has 
been  filtered.  The  caustic  alkali  must  always  be  tested 
for  sulphur  before  using  it  in  this  work.  It  is  well  to 
estimate  the  impurities  in  the  alkali  and  dedud  them,  in 
each  determination,  from  the  barium  sulphate  found. 


To  ascertain  to  what  extent  this  method  could  be 
applied  in  oxidising  sulphur,  the  following  minerals,  re¬ 
presenting  all  the  various  classes  of  natural  sulphides, 
were  subjected  to  experiment : 

Sphalerite  (ZnS). 

No  difficulty  was  experienced  in  oxidising  the  sulphur 
of  this  mineral.  A  current  of  one  ampere  (  =  10-45  c.c. 
eledrolytic  gas  per  minute)  was  amply  sufficient  for  the 
purpose.  When  the  mineral  was  added  to  the  melted 
caust'c  potash  and  the  current  applied,  the  mass  assumed 
a  muddy  appearance,  which  it  retained  for  ten  minutes, 
when  it  became  white  and  froth-like.  It  was  discovered, 
by  experiment,  that  this  appearance  indicated  the  com¬ 
plete  oxidation  of  the  sulphur, 

(I.)  0-1195  grm.  mineral,  20  grms.  alkali,  1  ampere  (time, 
20  minutes),  gave  32-97  per  cent  S. 

(II.)  o'io25  grm.  mineral,  20  grms.  alkali,  1  ampere 
(time,  20  minutes),  gave  32-96  per  cent  S. 

(III.)  o-n8o  grm.  mineral,  20  grms.  alkali,  1  ampere 
(time,  10  minutes),  gave  32  80  percent  S. 

By  oxidising  the  sulphur  in  a  fourth  portion  with  nitric 
acid  and  pota-sium  chlorate,  32 -go  per  cent  sulphur  was 
obtained. 

A  specimen  of  Joplin  (Mo.)  blende  gave  32-60  per  cent 
and  32-80  per  cent  S  by  the  nitric  acid  method,  while  by 
the  eledrolytic  method  32-go  per  cent  S  was  found. 


*  Read  at  the  Chemical  Sedion  of  the  Franklin  Institute,  J  une  17, 
1850, 


Chemical  News,  ) 

Oft.  24, 1890.  j 

An  impure  sphalerite,  locality  unknown,  in  which  there 
was  considerable  gangue  and  other  admixtures,  gave  2g-8 
per  cent  S  when  oxidised  with  nitric  acid,  and  when  afted 
upon  in  alkaline  solution  by  a  current  giving  one  ampere 
of  electrolytic  gas  per  minute,  the  sulphur  found  was  : 

(I.)  29-23  per  cent  S. 

(II.)  29-45  „  ,, 

(III.)  29  68  „ 

(IV.)  29-67  ,,  ,, 

(V.)  29-90  ,,  ,, 

(VI.)  29-58  „  ,, 

Cinnabar  (HgS). 

Very  pure  material  was  employed  in  this  oxidation. 
Several  trials  were  required,  in  order  to  learn  the  proper 
conditions  for  successful  working.  The  tendency  of  this 
mineral,  when  finely  divided,  was  to  collect  in  lumps, 
which  appeared  to  rise  and  fall  in  the  alkaline  solution; 
in  order  to  bring  every  particle  of  material  within  the  field 
of  oxidation,  the  current  was  reversed  every  few  minutes. 
By  doing  this  the  sulphur  was  completely  oxidised  in 
twenty  minutes  or  even  in  less  time.  If  the  precaution 
just  mentioned  with  reference  to  the  reversal  of  the 
current  be  not  heeded  more  time  will  be  required  for  com¬ 
plete  oxidation,  and  even  then  it  will  be  doubtful  whether 
the  sulphur  is  fully  converted  into  sulphuric  acid. 
Twenty-five  grms.  of  caustic  alkali  were  used  in  each 
experiment  with  this  mineral. 

0-1089  grm.  cinnabar  gave  13-82  per  cent  S,  while  the 
required  percentage  is  13-79. 

A  current  of  two  amperes  per  minute  was  used. 

Galenite  (PbS). 

There  is  no  difficulty  in  oxidising  this  mineral.  The 
same  quantity  of  alkali  and  the  same  current  strength 
were  employed  here  as  in  the  mineral  immediately  pre¬ 
ceding  : 

(I.)  0-1093  grm.  galenite  gave  14-30  per  cent  S. 

(II.)  0-1092  ,,  i,  14-60  ,,  ,, 

Another  portion  in  which  the  sulphur  was  oxidised  by 
heating  the  mineral  in  a  current  of  chlorine  gave  14-30 
per  cent  S. 

Argentite  (Ag2S). 

No  difficulty  was  encountered  in  oxidising  this  mineral. 
The  decomposition  was  made  with  conditions  analogous 
to  those  already  described.  Silver  did  not  pass  into  the 
alkaline  solution,  so  that  when  the  sulphuric  acid  was 
precipitated,  barium  chloride  was  employed  as  usual.  The 
specimen  analysed  being  exceedingly  pure,  it  was  not 
thought  necessary  to  determine  the  sulphur  by  any  other 
method.  None  of  it  remained  unoxidised  : 

0-1032  grm.  argentite  gave  13-04  per  cent  S;  required 
12  90  per  cent  S. 

Chalcocite  (Cu2S). 

Thus  far  this  mineral  has  resisted  all  efforts  to  convert 
its  sulphur  into  sulphuric  acid.  Repeated  attempts  have 
been  made,  but  not  more  than  half  of  the  sulphur  contained 
in  the  mineral  was  oxidised,  notwithstanding  the  current 
was  very  much  increased  in  each  trial.  Since  some  time 
may  elapse  before  another  opportunity  offers  itself  to 
continue  experimentation  with  this  mineral,  it  need  only 
be  stated  that  a  modification  of  the  usual  method  will  be 
tried  upon  it.  The  copper  and  sulphur  are  evidently  in 
very  intimate  union. 

Molybdenite  (MoS2). 

The  sulphur  in  this  mineral  is  given  up  readily  to  the 
oxidising  influence  of  the  current.  One  annoying  feature 
is  that  the  fine  mineral  particles  are  so  very  light  that 
they  are  apt  to  be  carried  up  and  adhere  to  the  cover 
crystal.  In  this  oxidation  the  poles  should  be  repeatedly 
reversed.  The  result  given  below  is  from  a  sample  that 
contained  much  quartz,  See.  I  he  residue,  however,  gave 
not  a  trace  of  sulphur  when  tested  for  it. 


2O7 


0-1045  grm.  mineral  gave  0-2785  BaS04  =  36-60  per 
cent  S. 

Stibnite  (Sb2S3). 

While  a  current  of  two  amperes  was  employed  in  this 
oxidation,  the  sulphur  can  be  completely  changed  to 
sulphuric  acid  with  one  ampere.  Three  trials  proved  this 
conclusively. 

0-1095  grm.  mineral  gave  0-2230  BaS04  =  27-91  per 
cent  S  ;  required  sulphur,  28-5  per  cent. 

Orpiment  (As3S3). 

Pure  material  could  not  be  obtained,  so  that  the  experi¬ 
ments  were  made  with  inferior  mineral,  and  the  greatest 
care  was  given  the  oxidation,  so  that  sulphur  was  not 
afterwards  discovered  in  the  insoluble  residue. 

0-1150  grm.  sub.  gave  0-2922  gr.  BaS04  =  34-90  p.c.  S. 
0-1044  „  ,,  02721  ,,  =  35-79  ,,  ,, 

The  arsenic  was  also  oxidised  to  arsenic  acid.  Several 
tests  proved  the  conversion  to  be  quantitative.  Results 
obtained  in  this  direction  will  be  published  later. 

pfamesonite  (Sb2S5Pb2). 

The  sulphides  of  lead  and  antimony  offer  no  difficulty 
in  the  oxidation  of  their  sulphur.  This  sulpho-salt  is 
decomposed  with  equal  facility.  A  current  of  two  amperes 
per  minute  was  employed.  The  crucible  was  the  anode 
for  ten  minutes,  and  the  cathode  for  an  equal  period. 

(I.)  0-1078  grm.  mineral  gave  0-1426  gr.  BaS04  =  x8"i6 
per  cent  S. 

(II.)  0-1093  ..  ».  °'I447  >>  =  l8'lS 

per  cent  S. 

Required  S  =  18-30  per  cent. 

Enargitc  (AsS4Cu3). 

The  oxidation  was  made  in  the  same  manner  as  in 
jamesonite  : 

o-iio2  grm.  mineral  gave  0-2449  gr-  BaS04  =  30-52  per 
cent  S. 

A  second  sample,  oxidised  with  nitric  acid,  gave  31-00 
per  cent  S. 

Stephanite  (Ag5SbS4). 

This  mineral  was  oxidised  without  difficulty.  The 
conditions  under  which  it  was  worked  were  similar  to 
those  of  the  preceding  minerals  : 

(I.)  0*1044  grm-  substance  gave  16  69  per  cent  S. 

I  (II.)  o-nog  ,,  ,,  16-55  »» 

Theory  requires  16-20  per  cent  S. 

Kobellite  [(BiSb)2S5Pb2]. 

The  sulphur  in  this  mineral  was  oxidised  with  ease  : 

(I.)  0-1136  grm.  sub.  gave  0-1562  gr.  BaS04  =  18*38  p.c.  S. 
(IT.)  0-..57  ,,0-1594  „  =18  4.  ,,,, 

The  sample  here  oxidised  was  of  the  same  material  as 
that  analysed  by  Dr.  Keller  ( Proc .  Chem.  Soc.  Franklin 
Inst.,  1,  127).  On  comparing  the  mean  of  his  four  sulphur 
determinations  with  the  results  obtained  by  the  electro¬ 
lytic  method,  it  will  be  seen  that  the  latter  does  not  lack 
in  completeness : 

Current  Oxidation.  Nitric  Acid  Oxidation. 

Sulphur  percentage.  18-37,  i8‘33>  18-46.  18-39 

18-38 — 18-41  Mean,  18-39  Per  cent  S* 

Tetrahedrite  (Sb,As)2S7(Cu2,Hg2,Fe,Zn)4. 

Quite  a  number  of  sulphur  determinations  and  complete 
analyses  of  tetrahedrite  of  the  above  composition  were 
made  in  this  laboratory  during  the  college,  year  just  closed. 
In  all  of  these  the  chlorine  method  was  employed  fox- 
decomposition  purposes.  The  percentage  of  sulphur  found 
was  24-48  per  cent.  Samples  of  the  same  were  then 
exposed  to  the  aCiion  of  a  current  of  two  amperes  for 


Oxidation  of  Sulphides  by  means  of  the  Electric  Current . 
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twenty  minutes,  and  the  sulphuric  acid  determined  in  the 
usual  manner  with  these  results  : 

(I.)  0-1073  gr.  mineral  gave  23-81  per  cent  S. 

(II.)  0-1096  ,,  „  24-38  ,, 

(III.)  0-1086  ,,  ,,  24-23  ,, 

(IV.)  0-1095  ..  ».  24‘37  >» 

Tetrahedrite  seemed  to  require  the  full  time  (twenty 
minutes)  for  oxidation,  for  in  several  instances,  where  the 
current  was  interrupted  after  adting  fifteen  minutes,  the 
alkaline  solution  became  quite  turbid  upon  acidulation. 

Stannite  (SnS4Cu2Fe). 

The  conditions  here  were  the  same  as  those  already 
mentioned  for  the  other  sulpho-salts  : 

(I.)  0-1087  grm.  mineral  gave  28  61  per  cent  S. 

(II.)  0-1091  ,,  ,,  28-02  ,, 

Pyrrhotite  (FeuSI2),  Marcasite  (FeS2),  and  Pyrite  (FeS2). 

The  sulphur  in  the  first  of  these  three  minerals  is  very 
readily  changed  to  sulphuric  acid.  None  of  its  iron  passes 
into  solution,  so  that  the  barium  sulphate,  after  ignition, 
was  perfectly  white  in  colour.  The  residue,  not  soluble 
in  water,  showed  no  unoxidised  sulphur: 

(I.)  0-1087  grm.  mineral  gave  0-3049  gr.|BaS04  =  38-51 
per  cent  S. 

(II.)  0-1067  ,,  „  0-3014  „  =  3879 

per  cent  S. 

By  oxidation  with  nitric  acid  the  sulphur  found  was 
38-78  per  cent  S. 

An  exceedingly  pure  specimen  of  marcasite  was  exposed 
to  the  action  of  the  current.  Its  sulphur  was  rapidly  and 
completely  oxidised  : 

0-1043  grm.  substance  gave  0-4056  gr.  BaS04  =  53-40 
per  cent  S.  Required  S  =  53-33  per  cent. 

While  these  sulphides  of  iron  parted  with  their  sulphur 
with  great  ease,  pyrite  held  half  of  its  sulphur  content 
quite  tenaciously,  notwithstanding  it  was  exposed  to  the 
influence  of  much  more  powerful  currents  than  the  other 
two  minerals. 

(I.)  0-1667  grm.  pyrite  and  20  grms.  KOH  were  exposed 
for  ten  minutes  to  the  adtion  of  a  current  giving  one 
ampere  per  minute.  The  crucible  served  as  anode  for 
half  the  time.  The  sulphur  that  was  oxidised  equalled 
24-53  per  cent. 


ILLUSTRATIONS  OF  SEWAGE  DECOMPOSI¬ 
TION  IN  STREAMS.* 

By  J.  H.  LONG. 

During  the  last  four  years  I  have  had  occasion  to  carry 
out  a  lengthy  investigation  on  the  question  of  pollution 
of  streams  in  Illinois,  and  in  the  progress  of  the  work 
have  observed  certain  points  which  I  consider  of  interest 
to  chemists  dealing  with  analytical  problems  of  similar 
nature. 

This  work  was  undertaken  by  authority  of  the  State 
Board  of  Health,  and  since  its  beginning  I  have  examined 
nearly  1000  samples.  The  results  reached  in  a  prelimi¬ 
nary  examination  were  presented  to  the  Board  in  1887. 
A  few  of  them  were  explained  in  a  paper  in  the  American 
Chemical  Journal,  vol.  x.,  No.  1,  while  the  methods  em¬ 
ployed  and  tabulated  results  of  the  whole  will  appear  in 
a  luture  annual  report  of  the  Board. 

The  largest  pait  of  the  woik  consisted  in  a  study  of  the 
Illinois  river  from  its  sources  to  its  mouth,  and  it  is  only 
with  this  part  of  the  subject  that  I  have  to  deal  here. 

At  all  seasons  of  the  year  the  upper  Illinois  river 
receives  a  good  part  of  its  water  from  Lake  Michigan 
through  a  canal  flowing  south-west  from  Chicago  to 


Joliet,  when  a  union  with  a  small  stream  known  as  the 
Des  Plaines  river  is  made.  A  few  miles  further  toward 
the  south-west  these  waters  are  joined  by  those  from  the 
Kankakee  and  Du  Page,  thus  forming  the  Illinois  proper. 
The  watershed  separating  the  basin  of  Lake  Michigan 
from  that  of  the  Mississippi  is  very  low,  and  is  but  a  few 
miles  from  the  lake.  The  canal  referred  to  is  fed  by 
pumps,  the  water  being  drawn  through  the  city  and  dis¬ 
charged  by  these  pumps  toward  the  west  at  the  rate  of 
50,000  cubic  feet  per  minute.  The  water  in  going  through 
the  city  receives  about  three-fourths  of  its  sewage,  and  in 
the  canal  flows  undiluted  to  Joliet,  a  distance  of  33  miles. 

It  will  be  seen,  therefore,  that  we  have  here  a  most 
interesting  problem.  We  have  given  a  stream,  highly 
contaminated  at  its  source,  and  are  able  to  follow  and 
measure  changes  in  the  amount  of  contamination  for 
many  miles.  In  my  first  series  of  experiments,  completed 
during  the  summer  of  1886,  very  curious  and  important 
results  were  obtained.  That  season  was  unusually  warm 
and  dry,  the  rainfall  in  the  part  of  the  state  under  con¬ 
sideration  being  the  lowest  recorded  in  15  years,  and  it 
was  therefore  possible  to  measure  changes  in  the  flowing 
river  water,  undisturbed  by  dilution  of  rain. 

In  the  tests  of  that  season,  the  determinations  made 
were  free  and  albumenoid  ammonia  and  oxygen  consump¬ 
tion  by  the  Kubel  method.  The  following  mean  results 
were  obtained,  expressed  in  parts  per  1,000,000  : 


Free 

Albumenoid 

Oxygen 

Ammonia. 

Ammonia. 

consumed 

Bridgeport 

••  J7'44 

i’i95 

20-58 

Lockport,  29  miles.. 

..  10-23 

0-669 

11 '30 

Joliet,  33  ,,  .. 

..  6-93 

0-408 

779 

Ottawa,  81  ,, 

..  0-382 

0-237 

5'57 

Peoria,  159  ,, 

0035 

0-187 

4'85 

Between  Bridgeport  and  Joliet  the  dilution  was  practi¬ 
cally  zero  during  the  whole  season.  Between  Joliet  and 
Ottawa  the  Illinois  receives  the  water  of  the  Kankakee, 
Du  Page,  and  Fox,  so  that  at  the  last  named  place  it  was 
estimated  that  the  canal  water  was  reduced  to  43  per 
cent  of  the  whole.  But  as  a  part  of  the  diluting  water 
came  from  a  marshy  region,  it  was  by  no  means  free  from 
organic  matter.  Besides,  some  town  drainage  entered 
the  stream  between  the  two  places.  It  is,  therefore,  pro¬ 
bable  that  a  reduction  in  organic  matter  took  place  between 
these  points.  The  proportion  of  canal  water,  in  the  whole, 
was  but  slightly  changed  between  Ottawa  and  Peoria, 
while  some  drainage  entered  at  the  town  of  LaSalle.  We 
can  trace,  therefore,  a  very  remarkable  decrease  in  organic 
matter  between  the  contaminated  source  at  Bridgeport 
and  the  city  of  Peoria.  From  a  study  of  all  the  fads 
bearing  on  the  case,  I  have  held  that  this  change  was  due 
chief!}'  to  oxidation  (using  this  term  in  the  broad  sense  to 
include  changes  brought  about  by  micro  organisms)  rather 
than  to  sedimentation. 

During  the  following  winter  these  mean  results  were 
obtained,  expressed  in  paits  per  1,000,000  : 


Free 

Albumenoid 

Oxygen 

Ammonia. 

Ammonia. 

consumed. 

Bridgeport 

97 

37 

22-4 

Joliet 

6-5 

2'2 

II-3 

Ottawa 

47 

075 

g-o 

Peoria 

17 

0-43 

6-45 

In  this  table  the 

increased  amount  of  albumenoid 

ammonia  with  smaller  amount  of  free  ammonia  at  Bridge¬ 
port  is  apparent,  and  is,  of  course,  due  to  the  faCt  that 
decomposition  is  slower  at  a  low  temperature,  and  hence 
the  sewage  reached  the  pumps  in  a  less  advanced  stage  of 
oxidation.  The  large  amount  of  albumenoid  ammonia  at 
Joliet  is  worthy  of  note  at  a  time  when  sedimentation 
could  accomplish  the  best  results.  The  very  slow  decrease 
in  free  ammonia  must  also  be  noticed. 

As  intimated  above,  these  tests  mav  be  considered  as 
preliminary  to  a  more  complete  investigation  begun  May 
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xst,  1888,  and  concluded  in  March,  1889.  In  this  investi¬ 
gation  water  was  collected  once  a  week  at  the  following 
places  between  the  source  of  supply  at  Chicago  and  the 
Mississippi  river:  Bridgeport,  Lockport,  Joliet,  Morris, 
Ottawa,  LaSalle,  Henry,  Peoria,  Pekin,  Copperas  Creek, 
Havana,  Pearl,  Beardstown,  and  Grafton,  the  last  being 
at  the  mouth  of  the  Illinois  river.  Parallel  tests  were  also 
made  of  the  water  supplied  by  the  various  tributaries  of 
the  Illinois  to  determine  the  nature  of  the  dilution.  In 
this  investigation,  in  addition  to  free  and  albumenoid 
ammonia  and  oxygen  consumption,  total  solids,  suspended 
matter,  nitrates,  chlorides,  and  hardness  were  determined. 
In  the  following  table  only  those  data  important  for  the 
present  purpose  are  given  and  for  places  where  water  was 
regularly  collected.  During  the  early  part  of  the  season 
the  rainfall  throughout  Illinois  was  heavy,  in  consequence 
of  which  the  streams  were  full  at  times,  adding  much  to 
the  dilution  of  the  main  river. 

The  amount  of  this  dilution  can  be  roughly  estimated 
from  the  chlorine  determinations  along  the  main  stream 
and  in  the  tributaries. 

Mean  Results  of  Analyses.  May  to  October,  1888,  inclusive. 


(In  Parts  per  Million.) 

N  in 


Places.  Nitrates  and 
Nitrites. 

1  Cl. 

Free 

Ammonia. 

Albumenoid 

Ammonia. 

O  con¬ 
sumed. 

Bridgepcrt 

O'OOO 

46-811 

12-253 

2-558 

23-II3 

Lockport 

O'OOO 

46-120 

10-882 

1-990 

16-230 

Joliet 

O'OOO 

43^58 

8-932 

1 -68 1 

14-301 

Morris 

0-380 

32-149 

4"I07 

0-707 

io-g2o 

LaSalle 

I-037 

19717 

0-636 

0526 

8-558 

Henry 

0-683 

17-660 

0-467 

0-481 

8657 

Peoria 

0-8915 

12-358 

o"2ro 

0-522 

9-769 

Pekin 

0-795 

16-152 

0645 

0-650 

9"410 

Havana 

0731 

11-583 

o-342 

0-430 

8-142 

Beardstown 

062 

7'524 

0*202 

0-380 

7'354 

Grafton 

0-582 

9-205 

0*095 

0-483 

7-300 

Mean  Results  of  Analyses.  January  to  March, 
inclusive. 

(In  Parts  per  Million.) 

1889, 

ii  111 

Places.  Nitrates  and  Cl. 

Nitrites. 

Free 

Ammonia. 

Albumenoid 

Ammonia. 

O  con¬ 
sumed. 

Bridgeport 

0-000 

62-934 

8-925 

2’8o6 

26-502 

Lockport 

0-000 

56-083 

8-149 

2-489 

22-820 

Joliet 

0-000 

57717 

8-488 

2-666 

21-717 

Morris 

0-000 

28748 

47-16 

1-587 

10696 

LaSalle 

0-942 

13-105 

I-456 

0-637 

8-582 

Henry 

o-g62 

1  r-6gi 

10-59 

0-404 

8-626 

Peoria 

0-510 

12-860 

1-637 

o-549 

g-6n 

Pekin 

1-259 

11-792 

I-59I 

1015 

I3758 

Havana 

°'4I4 

9-277 

1-078 

0-585 

9-234 

Beardstown 

o*g66 

6-933 

0762 

o-357 

5'5°5 

Grafton 

0-087 

7'523 

0-875 

0-722 

9-818 

In  explanation  of  some  of  the  peculiarities  of  the  above 
tables,  it  must  be  stated  that  while  the  rainfall  during 
1888  was  much  heavier  than  during  1886,  the  mean  tem¬ 
perature  was  in  a  marked  degree  lower.  The  winter  of 
1888-89  was,  however,  much  milder  than  that  of  1886- 
1887.  In  comparing  the  summer  tests  of  1886  with  those 
of  1888,  we  notice  that  at  Bridgeport  in  the  first- 
named  year  the  free  ammonia  was  much  higher  and 
the  albumenoid  ammonia  much  lower  than  during  the 
second  season.  It  is  also  clear  that  the  rate  of  change  in 
these  products  between  Bridgeport  and  Joliet  is  different 
for  the  two  seasons.  I  think  this  can  be  largely  looked 
upon  as  an  effeCt  of  temperature,  as  dilution,  contamina¬ 
tion,  and  agitation  of  water  were  practically  the  same 
within  these  limits  through  the  two  seasons.  During  the 
hot  summer  of  1886  much  greater  decomposition  must  have 
taken  place  in  the  Chicago  sewers  themselves  than  during 
the  cooler  one  of  1888,  so  that  in  the  first  case  the  diluted 
sewage  reached  the  pumps  in  a  more  advanced  stage  of 
oxidation  than  in  the  latter. 


One  would  expeCt  to  find,  under  these  circumstances, 
less  free  ammonia  and  more  albumenoid  than  in  a  season 
when  the  oxidation  conditions  had  been  more  favourable. 

To  follow  the  change  in  the  sewage  after  it  leaves 
Chicago  in  its  flow  toward  the  Mississippi,  we  must  con¬ 
sider  the  character  of  the  diluting  water  from  the  tribu¬ 
taries.  The  mean  results  obtamed  by  analysis  of  these 
waters  are  given  (see  next  page),  in  parts  per  million,  as 
before. 

The  flow  from  the  DuPage  is  very  small  during  the 
summer  and  its  effeCt  on  the  Illinois  can  be  left  out  of 
consideration. 

The  Kankakee,  draining  a  marshy  country,  has  a  steady 
flow  throughout  the  summer,  and  forms  about  20  per  cent 
of  the  Illinois  water  at  Morris.  Its  charadler  is  shown  by 
low  chlorine  and  nitrates  and  high  albumenoid  ammonia 
and  oxygen  consumption.  Between  Morris  and  LaSalle 
the  Fox  enters  and  dilutes  the  Illinois  largely,  as  indicated 
by  the  decrease  in  chlorine.  The  dilution  by  the  Big 
Vermillion  is  not  large.  The  high  nitrates  here  are 
worthy  of  interest.  The  city  of  Streator  and  several  coal 
mines  drain  into  the  stream.  Below  Peoria  the  tributaries 
of  importance  are  the  Sangamon  and  Spoon.  I  have  no 
data  for  the  latter,  but  the  results  for  the  Sangamon  are 
given  above.  Perhaps  30  per  cent  of  the  flow  at  Beards¬ 
town  comes  from  these  two  streams. 

Aided  by  these  data,  we  can  now  consider  the  main 
river.  Between  Bridgeport  and  Lockport,  a  distance  of 
2g  miles,  there  is  during  the  summer  an  evident  dis¬ 
appearance  of  organic  matter,  as  shown  by  change  in  the 
free  and  albumenoid  ammonia  and  oxygen  consumption. 
But  during  the  winter  the  change  is  in  a  marked  degree 
less.  This  is  especially  apparent  if  we  notice  that  the 
chlorine  tests  during  the  winter  show  some  dilution  be¬ 
tween  the  two  places.  From  Lockport  to  Joliet  the  dis¬ 
tance  is  four  miles,  but  on  its  way  the  water  passes 
through  four  locks  and  over  two  dams  to  point  of  collec¬ 
tion.  It  is  thus  thoroughly  agitated  and  aerated.  During 
the  summer  the  tests  show  a  decrease  in  organic  matter, 
but  the  winter  examinations  indicate,  apparently,  an  in¬ 
crease,  as  shown  by  albumenoid  ammonia.  A  slight  in¬ 
crease  in  free  ammonia  is  also  found.  These  observations 
are  of  practical  importance.  They  show,  first,  that  at 
Lockport  the  decomposing  matter  was  not  yet  in  condi¬ 
tion  to  respond  most  perfectly  to  the  albumenoid  ammonia 
test,  and  also  that  the  free  ammonia  gradually  produced 
had  accumulated  rather  than  decreased  by  fermentation. 
Dilute  solutions  of  white  of  esrg  undergoing  putrefaction 
yields  its  largest  amount  of  albumenoid  ammonia  at  the 
start,  as  shown  by  experiments  carried  out  in  my  labora¬ 
tory  by  Mr.  Powers.  (See  Journal  of  Analytical  Chemis¬ 
try,  OCt.,  1889).  But  it  is  conceivable  that  solids  in  sus¬ 
pension,  or  other  nitrogenous  matters  more  stable  than 
white  of  eg*,  would  yield  their  largest  amount  of  albu¬ 
menoid  only  after  preliminary  disintegration. 

Between  Joliet  and  Morris  the  distance  is  22  miles,  and 
on  the  way  there  is  a  dilution  of  about  20  per  cent  by  water 
in  which  the  numbers  for  albumenoid  ammonia  and  oxygen 
consumption  are  high.  A  part  of  the  drainage  of  Joliet 
enters  here  besides.  Giving  these  points  due  weight,  it 
will  be  seen  that  there  is  a  large  reduction  of  organic 
matter  in  this  part  of  the  stream  during  the  summer. 
This  is  not  chiefly  due  to  sedimentation.  It  has  been 
shown  by  engineers  in  charge  of  surveys  along  the 
Illinois  river,  that  owing  to  sufficiently  high  velocity  of 
the  water,  sedimentation  does  not  take  place  here. 
During  the  winter  the  relative  dilution  from  the  Kankakee 
was  much  greater,  about  half  the  water  at  Morris  coming 
from  the  last-named  stream.  When  the  character  of  the 
diluting  water  is  remembered,  it  is  plain  that  the  nitro¬ 
genous  matter  has  suffered  no  change  between  the  two 
places.  In  the  37  miles  between  Morris  and  LaSalle 
there  is  a  great  decrease  in  free  ammonia  with  increase  of 
nitrates,  but  when  the  dilution  of  the  Fox  river  is  con¬ 
sidered,  it  is  plain  that  the  change  in  albumenoid  ammonia 
is  not  important.  During  the  winter  season  the  Fox 
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river  dilution  was  relatively  greater,  which  lessens  some-  > 
what  the  apparent  decrease  in  albumenoid  ammonia  at 
this  time.  It  is  true,  however,  that  changes  take  place 
in  this  part  of  the  river  which  in  the  warmer  season  took 
place  above. 

In  the  28  miles  between  LaSalle  and  Henry  no  im¬ 
portant  changes  have  taken  place. 

At  Peoria  the  river  widens  into  a  lake,  which  receives  a 
portion  of  the  drainage  of  the  city.  The  point  where  the 
samples  were  taken  for  analysis  was  evidently  not  beyond 
the  influence  of  this  contamination.  During  the  winter 
this  was  increased  by  the  drainage  from  sheds  at  the 
distilleries  at  which  25,000  head  of  cattle  were  fed.  The 
effeCt  of  this  is  shown  in  the  Peoria  v/ater,  but  most  clearly 
in  that  from  Pekin,  ten  miles  below.  Especially  interesting 
is  the  great  increase  in  nitrates  observed  at  this  point,  and 
after  the  addition  of  fresh  contamination. 

Between  Pekin  and  Beardstown  there  is  a  gradual  im¬ 
provement  in  the  river,  as  shown  by  both  summer  and 
winter  tests.  Below  Beardstown  the  Illinois  was  often 
diluted  by  back  water  from  the  Mississippi,  which  made 
the  result  of  analysis  irregular  and  obscure. 

From  the  above  it  is  apparent  that  while  a  gradual  loss 
in  organic  matter  occurs  all  the  way  between  Bridgeport 
and  Peoria,  the  rate  of  change  was  far  less  rapid  in  the 
summer  of  1888  than  in  that  of  1886.  This  difference,  I 
believe,  is  chiefly  due  to  differences  in  temperature  and 
rainfall,  which  adt  diredtly  and  indiredtly  to  modify  the 
rapidity  of  badlerial  oxidation. 

In  a  wet  summer  the  contents  of  the  Chicago  sewers, 
besides  being  cooled  by  rainfall,  are  rapidly  washed  out 
into  the  canal  leading  to  the  pumps.  In  a  season  of  little 
rainfall  much  matter  remains  long  enough  in  the  sewers 
to  become  greatly  modified  by  decomposition,  and  conse¬ 
quently  disappears  rapidly  when  thrown  into  the  main 
channel.  These  opposite  conditions  were  illustrated  in 
the  summer  seasons  in  which  tests  were  carried  out,  and 
they  doubtless  can  be  duplicated  in  all  large  cities  in 
which  the  sewers  are  built  with  but  slight  incline. 
Sedimentation  cannot  play  a  more  important  part  in  the 
apparent  purification  of  these  waters  in  summer  than  in 
winter.  In  fadt,  after  the  navigation  of  the  canal  closes 
in  the  early  winter,  precipitation  can  take  place  which 
was  impossible  during  the  warmer  months.  Yet  the  1 
winter  tests  show  pradtically  no  decrease  in  the  organic 
matter  between  Bridgeport  and  Morris.  It  would  appear, 
therefore,  that  the  self-purification  of  a  very  cold  water  is 
a  slow  process,  even  when  aided  by  sedimentation. 

On  the  other  hand,  the  very  remarkable  results  obtained 
between  Bridgeport  and  Joliet  in  our  first  season’s  work 
show  that  with  a  sufficiently  high  temperature  the  dis¬ 
appearance  of  organic  matter  may  be  very  rapid,  unaided 
to  any  great  extent  by  sedimentation. 

It  is  known  that  temperature  differences  of  a  few  degrees 
make  very  important  differences  in  the  rates  of  badlerial 
multiplication  in  many  cases,  and  consequently  in  their 
efficiency  as  filth  destroyers,  and  giving  proper  weight  to 
this  fadt,  I  think  many  of  the  discrepancies  observed 
between  different  examinations  of  the  same  polluted  water, 
made  at  different  times,  may  be  explained. 

The  appearance  and  increase  in  nitrates  and  nitrites  in 
the  Illinois  river  affords  us  an  instrudtive  illustration. 
Frankland  and  others  have  shown  that  they  are  not  formed 
in  fresh  sewage,  and  we  see  here  that  they  appear  only 
after  a  flow  of  many  miles. 

With  the  slower  disappearance  of  albumenoid  ammonia 
and  less  abundant  formation  of  free  ammonia  in  the  cold 
season,  we  notice  the  later  appearance  of  nitrates  and 


n'trites.  Investigation  may  show  that  the  appearance  of 
these  compounds  marks  an  important  stage  in  the  purifi¬ 
cation  of  a  polluted  stream. 

It  is  probable  that  they  are  produced  only  after  pradti¬ 
cally  all  the  readily  fermentable  bodies  have  been  more 
or  less  changed,  as  in  presence  of  such  matter  denitrifica- 
1  tion  can  take  place  with  destrudtion  of  nitrites,  and  evo¬ 
lution  of  nitrogen  even.  The  greatly  increased  nitrates 
below  Peoria  after  pollution  by  fresh  drainage  from  the 
cattle  sheds,  would  seem  to  disprove  this  view.  But  such 
drainage  is  rich  in  hippuric  acid,  and  this  body,  as  well  as 
its  derivative,  glycocoll,  is  readily  broken  up.  Besides, 
because  of  the  comparatively  simple  nature  of  the  cattle 
feed  (distillery  slops  and  hay),  the  other  matters  present 
here  must  be  less  complex  than  what  we  have  in  ordinary 
city  sewage,  and  therefore  sooner  converted  into  ammo, 
niacal  and  other  simple  compounds. 

Investigations,  such  as  I  have  given  an  outline  of  above, 
are  very  difficult  because  of  the  practical  impossibility  of 
controlling  all  the  conditions  of  experiments.  Irregulari¬ 
ties  creep  in  where  least  expected,  and  in  consequence  the 
results  of  single  observations  have  but  little  value  when 
taken  alone. 

The  results  of  investigations  extended  through  a  season 
have  a  different  value,  and  I  believe  we  can  draw  conclu¬ 
sions  from  these  experiments  on  the  Illinois  which  can  be 
applied  to  the  study  of  polluted  river  waters  in  general. 


NOTICES  OF  BOOKS. 

The  River  Irwell  and  its  Tributaries.  A  Monograph  on 

River  Pollution.  By  G.  E.  Davis  and  A.  R.  Davis. 

Manchester  and  London  :  J,  Heywood. 

We  have  here  a  contribution  to  the  question  of  river-pollu¬ 
tion  worked  out  upon  one  of  the  filthiest  streams  or  stream  - 
systems  in  the  world.  Perhaps  in  no  other  locality  is 
such  a  dense  population,  and  such  an  amount  of  manufac¬ 
turing  chemistry  collected  along  rivers  of  such 
insignificant  dimensions.  Hence,  the  concentration  of 
the  foul  waters  is  unquestionable. 

The  immediate  occasion  for  the  appearance  of  this  work 
is  the  prospect  that  at  no  distant  date  the  total  liquid — it 
might  be  hazardous  to  say  ivater — now  flowing  in  the 
channel  of  the  Irwell  must  find  its  way  into  the  Man¬ 
chester  Ship  Canal.  The  authors  hold  out  the  prospeCl 
that  the  canal  and  its  docks  will  become  pestiferous  in 
summer,  and  that  the  first  reach  of  2j  miles  in  length  will 
become  one  “  vast  settling  tank.” 

The  authors  consider  that  the  suspended  matters  are 
the  crux  of  the  quest'cn,  and  that  their  removal,  even  if 
we  disregard  the  soluble  impurities,  would  be  a  great 
improvement. 

The  chlorine  they  regard — in  our  opinion  lightly — as 
not  in  a  manufacturing  district  a  measure  of  sewage 
contamination.  Nine-tenths  of  all  the  chlorine  present 
in  the  bleaching  agents  used  in  the  water-shed  of  the 
Irwell  reappears  in  the  stream  at  Throstle  Nest  Weir. 
Upon  the  determination  of  nitrates  in  polluted  waters 
they  lay  no  high  emphasis. 

The  tables  giving  a  view  of  the  composition  of  the 
Irwell  at  different  points  and  of  its  tributaries  will  be  very 
useful  for  reference.  We  find  here  the  statement  that  the 
water  of  the  rivers  Irk  and  Medlock  in  time  of  drought  is 
more  polluted  than  the  normal  sewage  of  Leeds  or  of 
Salford.  We  are  glad  to  find  that  Messrs.  Davis  protest 
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Chemical  News,  \ 

Odt.  24,  i8go.  J 

against  the  current  notion  that  river  waters  in  time  of 
flood  are  exceptionally  pure,  and  may  be  safely  let  “  slip 
by”  down  stream. 

We  regret,  however,  to  find  the  opinion  expressed  that 
“  the  authorities  should  require  a  certain  standard  of 
purity  to  be  attained  before  a  liquid  of  any  kind  is  allowed 
to  flow  into  a  water  course.”  The  authors  approach  here 
unpleasantly  near  to  the  “  standards  ”  of  the  Rivers’ 
Pollution  Commissioners,  the  objections  to  which  have 
been  fully  explained  in  the  Chemical  News. 

The  methods  used  at  the  “  Manchester  Technical 
Laboratory  ” — which  is  throughout  kept  well  in  view — 
are  given  in  full,  and  are  in  the  main  those  of  Mr. 
Wanklyn. 


The  Heating  and  Lighting  of  London  by  Pipe  Lines.  An 

Open  Letter  to  Walter  Wren,  Esq.,  L.C.C.,  on  the 

Abolition  of  London  Fog.  By  T.  Howell  Williams, 
F.C.S.,  L.C.C. 

That  London  fogs  are  a  great  and  a  growing  evil  is  very 
generally  admitted,  though  their  harmful  results  are 
probably  exaggerated.  For  their  abolition  a  variety  of 
means  have  been  proposed,  and  if  the  public  hesitate  it  is 
because,  on  the  one  hand,  they  are  nearly  powerless  in 
the  matter,  and  on  the  other  because  they  justly  fear  that 
every  scheme  suggested  must  lead  to  an  increase  of  the 
intolerable  burden  of  local  taxation.  We  have  been 
truthfully  told  that  if  we  would  give  up  our  “  cheerful  ” 
fire-places  and  adopt  the  Dutch  earthenware  stove,  our 
consumption  of  coal  could — speaking  within  the  limit — be 
reduced  to  one-fourth  of  its  present  amount.  This  would, 
of  course,  involve  a  corresponding  decrease  in  the  produdts 
of  combustion  and  would  besides  bring  the  Coal  Exchange 
to  its  knees.  The  author  estimates  the  present  cost  of 
the  transit  of  coal  together  with  the  profits  of  the  middle¬ 
man  and  the  dealer  amount  to  at  least  £6,000,000 
annually. 

Another  proposal,  due  to  our  late  friend  Peter  Spence, 
of  the  Manchester  Alum  Works,  was  to  eredt  centrally  a 
tower  of  Babel,  into  which  all  the  produdts  of  combustion 
should  be  drawn  through  the  sewers,  the  gases  of  which 
would  at  the  same  time  be  disinfedted  by  the  sulphur 
fumes.  W.  A.  Gibbs,  of  Gillwell  Park,  would  likewise  draw 
the  smoke  downwards  into  the  sewers,  by  means  of 
gigantic  tidal  fans,  discharging  it  near  the  mouth  of  the 
river.  Here,  also,  there  would  be  simultaneous  ventilation 
and  disinfedtion  of  the  sewer-system. 

Whether  the  engineering  difficulties  involved  would 
prove  fatal  to  either  of  these  two  projedts  we  are  not  in  a 
position  to  decide.  We  fear  that  they  have  both  been 
condemned  without  a  fair  trial. 

It  is  here  mentioned  that  “  Dr.  Carpenter  and  others 
have  proposed  a  tax  in  the  nature  of  a  hearth  tax.”  If  it 
were  needful  to  make  manifest  the  absurdity  and  the 
injustice  of  this  proposal  we  might  show  that  the  number 
of  hearths  in  a  house  gives  no  clue  to  the  yearly  consump¬ 
tion  of  fuel  in  such  house,  and  that  the  tenant-occupier, 
though  he  may,  perhaps,  not  use  half  the  hearths  in  his 
dwelling  cannot  close  them  up  at  his  pleasure. 

Mr.  Howell  Williams  proposes  “  that  gas  should  be 
made  at  the  coal  fields,  as  close  to  the  pit’s  mouth  as 
convenient,  that  it  should  be  conveyed  from  the  gas¬ 
works  situate  in  the  country  up  to  the  metropolis  in 
suitable  mains,  that  it  should  be  stored  in  gas-holders  as 
at  present,  and  that  it  should  be  solely  utilised  for  heating 
and  lighting  the  metropolis,  together  with  providing  all 
the  motive  power  required  for  driving  engines  and 
machinery.” 

It  will  be  seen  that  the  author  proposes  to  introduce 
two  kinds  of  gas — one  for  illumination  and  another  for 
heating.  Hence,  two  pipe  lines  would  be  necessary. 
There  is  the  question  as  to  the  locality  for  the  giant  gas¬ 
works  which  would  have  to  be  eredted  in  the  country. 
Other  things  being  equal,  they  would  have  to  be  eredted 
as  near  to  London  as  possible.  They  would  have  to  be 


situate  where  the  supply  of  coal  would  be  in  no  danger 
of  early  exhaustion  or  of  temporary  interruption  by 
“  strikes.” 

It  will  be  necessary  that  the  gas,  whether  for  heating  or 
lighting,  should  be  purified  from  sulphur  quite  as 
thoroughly  as  the  gas  now  supplied  in  London.  Other¬ 
wise,  if  sulphur  be  a  cause — say  the  main  cause — of  the 
“London  particular”  we  should  still  have  the  same 
quantity  of  the  sulphur  oxides  in  our  atmosphere  as  at 
present. 

We  must  call  attention  to  the  following  passage,  pre¬ 
mising  that  the  italics  are  the  author’s  own  : — “  Gas  pipes 
laid  through  arable  land,  if  it  is  found  desirable  to  lay  them 
underground,  are  not  harmful  to  the  land  itself,  but  rather 
do  a  certain  amount  of  good,  as  they  assist  in  draining 
the  country.  If  the  joints  are  made  perfedt  and  well 
covered  round  with  clay,  they  will  effedfually  prevent  any 
possible  escape  of  gas.”  Suppose  the  sole  supply  of  light 
and  warmth  to  London  dependent  upon  the  integrity  of  a 
couple  of  pipes-lines  extending  for  100  miles  :  would  not 
an  army  be  required  to  guard  them  against  intentional 
mischief?  If  placed  underground  the  operation  would 
have  to  be  condudted  with  much  greater  care  than  in 
laying  down  our  street  mains,  in  which  leakage  is  never 
absolutely  excluded.  The  only  safe  method  would  be  to 
bury  them  very  deeply  along  the  sides  of  roads. 

As  to  the  matter  of  expense,  the  question  is  not  so  much 
how  the  capital  is  to  be  obtained  as  how  the  interest  on 
such  a  large  sum  is  to  be  paid.  Sanitary  reformers — like 
reformers  in  general — are  apt  to  forget  that,  however 
desirable  some  projedt  may  seem,  communities,  as  well  as 
individuals,  may  have  to  forego  it  if  they  cannot  afford  the 
outlay.  Would  not  the  existing  gas  companies  consider 
themselves  entitled  to  compensation  if  this  scheme  were 
carried  out  ? 


Inorganic  Chemistry  .-  Theoretical  and  Practical.  A 
Manual  for  Students  in  Advanced  Classes.  By 
William  Jago,  F.C.S.,  F.I.C.  London:  Longmans, 
Green,  and  Co. 

Concerning  this  work  we  must  say  substantially  what  we 
have  remarked  concerning  not  a  few  of  its  predecessors  ; 
chemical  phenomena  and  laws  are  here,  in  the  main, 
accurately  described  and  laid  down,  but  not  more  accur¬ 
ately  than  they  may  be  found  in  other  manuals.  Hence 
we  are  compelled  to  ask,  as  we  have  asked  in  the  case  of 
not  a  few  earlier  manuals,  cui  bono  ? 

A  few  oversights  have  slipped  in.  Thus  we  read  that 
“  the  impure  commercial  hydrochloric  acid  is  largely  used 
for  the  formation  of  chloride  of  tin,  SnCl2,  a  salt  employed 
by  the  dyer  and  calico-printer.”  But  impure  acid  invari¬ 
ably  contains  iron,  which  even  in  infinitesimal  traces 
spoils  certain  colours,  such  as  alizarin  reds  and  pinks. 
Hence  the  makers  of  such  preparations  of  tin  are  very 
careful  to  use  the  purest  hydrochloric  acid  attainable. 

On  p.  361  the  author,  after  mentioning  the  use  of 
aluminium  hydrate  (better,  soluble  aluminium  salts)  for 
precipitating  the  impurities  of  sewage,  goes  on  to  say : 
“  As  a  converse  of  this  certain  pigments  called  lakes  are 
prepared  by  precipitating  aluminium  hydrate  in  the 
coloured  solutions,  when  the  colouring  matter  is  carried 
down  by  the  precipitates.”  Now  these  two  applications 
of  alumina  are  not  one  the  converse  of  the  other,  but 
identical.  The  hydroxide,  or  more  probably  the  basic 
salt,  forms  in  either  case  an  unstable  combination  in 
sewage  with  the  impurities  and  in  dye  liquors  with  the 
tinctorial  principles. 

We  feel  a  difficulty  in  harmonising  the  two  following 
consecutive  sentences  : — “  Glass,  if  well-made,  is  prac¬ 
tically  insoluble  in  water  and  acids,  except  hydrofluoric 
acid.  Nevertheless,  water  dissolves  glass  in  appreciable 
quantities.” 

The  account  of  the  produdtion  of  ferrous  sulphate  in 
§  441  is  not  in  accordance  with  general  pradtice.  The 
author  writes: — “On  heating  alum  schists  containing 
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pyrites  sulphates  of  alumina  and  iron  are  formed.  On 
lixiviation  and  crystallisation  .ferrous  sulphate  separates 
as  greenish  crystals.”  The  material  used  for  the  manu- 
fadture  of  ferrous  sulphate  is  the  soft  pyrites  of  the  coal 
formations,  which  are  not  heated  but  oxidised  by  pro¬ 
longed  exposure  to  air  and  rain. 

The  account  of  spectroscopic  research  here  given  is 
more  complete  than  that  contained  in  many  elementary 
works,  but  we  do  not  find  any  notice  of  the  absorption 
spedtra  of  solutions. 

The  only  serious  defedt  in  this  work,  in  cur  humble 
opinion,  is  the  author’s  evident  faith  in  the  Science  and 
Art  Department,  and,  as  a  corollary,  in  the  examinational 
regime.  For  the  teachers  and  students  of  a  nation  to 
“  model  their  work  on  lines  of  general  treatment  adopted  by 
any  “  Department  ”  seems  to  us  a  great  misfortune,  tending 
to  stereotype,  or  we  might  say  to  ossify,  the  national  in- 
telledt.  The  constitution  of  the  Department  does  not 
escape  foreign  criticism.  The  Continent  says  that  Britain 
places  her  army  and  navy  under  the  rule  of  civilians,  and 
in  return  places  higher  education  in  the  hands  of  half-pay 
officers 


CORRESPONDENCE. 


THE  FELLOWSHIP  OF  THE  CHEMICAL 
SOCIETY. 

To  the  Editor  of  the  Chemical  News. 

Sir, — As  you  have  opened  your  columns  to  a  discussion 
on  a  circular  respedting  the  Fellowship  of  the  Chemical 
Society,  signed  and  issued  on  behalf  of  our  committee  by 
Mr.  Lloyd  and  myself,  I  am  requested  to  write  and  ask 
you  to  be  so  good  as  to  publish  the  circular  in  cxtenso. 

The  letter  of  Mr.  A.  Philip  is  of  the  nature  of  an 
ex  parte  statement,  and  the  committee  feel  that  in  fairness 
the  circular  should  also  appear  in  your  valuable  paper. — 
I  am,  &c., 

Frank  L.  Teed. 

“The  Chemical  Society. 

“Those  who  have  watched  the  eledtions  to  the  Chemical 
Society  during  the  past  few  years,  cannot  fail  to  have 
observed  that  persons  are  obtaining  admission  as  Fellows 
who  are  in  noway  interested  in  the  promotion  of  Chemis¬ 
try,  or  who  take  advantage  of  the  Fellowship  for  trade 
purposes,  or  whose  admission  is  for  other  obvious  reasons 
injurious  to  the  Society  and  the  Chemical  profession. 

“  The  Chemical  Society  having  been  in  existence  for 
fifty  years,  its  Fellowship  is  known  and  appreciated  as  a 
qualification,  while  that  of  the  Institute  of  Chemistry  is 
as  yet  inadequately  recognised.  Hence,  since  the  for¬ 
mation  of  the  Institute  of  Chemistry,  and  largely  owing 
to  the  greater  difficulty  in  obtaining  its  Fellowship,  the 
number  of  undesirable  candidates  for  the  Fellowship  of 
the  Chemical  Society  has  increased. 

“  Injudicious  admissions  to  the  Chemical  Society  coun¬ 
teract  to  a  great  extent  the  beneficial  effedts  of  any  steps 
taken  by  the  Institute  of  Chemistry  to  raise  the  status  of 
professional  chemists.  The  attention  of  Fellows  is  there¬ 
fore  drawn  to  the  necessity  of  maintaining  the  dignity  of 
the  Fellowship  of  the  Chemical  Society,  and  of  preventing 
its  prostitution  to  trade  purposes,  whilst  retaining  its 
legitimate  professional  use. 

“It  has  been  stated  that  the  simplest  method  is  to 
blackball  unsuitable  candidates.  This  pradtice  has  not 
recently  been  properly  and  judiciously  utilised  by  the 
Fellows  of  the  Society.  It  can,  moreover,  only  be  carried 
out  by  those  Chemists  who  are  resident  in  London,  and 
while  throwing  upon  them  an  unpleasant  duty,  which 
should  be  unnecessary,  it  does  not  provide  adequate 
means  for  the  exclusion  of  undesirable  persons. 


“  Careful  attention  to  the  two  following  courses  of 
adtion.  and  unanimity  in  carrying  them  out,  are  in  the 
first  instance  urged  upon  the  Fellows  : 

“  (i) — The  exercise  of  greater  care  in  recommending 
candidates,  and  the  refusal  to  sign  any  certificate  unless 
the  candidate  and  his  objedt  in  wishing  to  join  the  Society 
are  well  known  to  the  Fellows  applied  to. 

“  (2) — That  Fellows  should  vote  against  tho-e  whose 
scientific  claims  are  obviously  insufficient  to  entitle  them 
to  the  Fellowship,  or  who  from  any  other  cause  known  to 
them,  ought  not  to  be  eledted. 

“  While  these  steps  are  open  to  the  Fellows,  the  Council 
should  be  requested  to  consider  the  matter  fully,  and  to 
frame  such  by-laws  as  may  be  required  to  place  the  method 
of  admission  upon  a  sound  and  satisfactory  bisis. 

“  It  should  be  noted  that  under  the  present  system  of 
election,  no  opportunity  is  afforded  for  making  known  to 
the  Fellows  any  information  which  might  assist  their 
judgment  while  balloting. 

“  The  following  recommendations  are  suggested  to  the 
Fellows  for  consideration,  with  the  view  of  calling  the 
especial  attention  of  the  Officers  and  Council  to  them,  as 
worthy  of  incorporation  in  the  by-laws  : 

“  (a)  Exact  definitions  of  the  qualifications  requisite  in 
candidates  for  the  Fellowship. 

“  ( b )  The  Council  to  consider  every  application  for 
admission  to  the  Fellowship  :  to  be  empowered  to  inquire 
into  the  suitability  of  candidates,  and  to  invite  and  receive 
strictly  confidential  communications  from  Fellows  who 
may  know  anything  against  any  proposed  candidate. 

“  (c)  The  Council  to  submit  to  the  Fellows,  at  stated 
times,  a  list  of  those  candidates  whom  they  consider  suit¬ 
able  for  election,  and  also  a  list  of  those  with  regard  to 
whom  they  make  no  recommendation.  Full  particulars 
as  to  the  candidates  to  be  supplied  with  each  list. 

“  The  final  election  of  candidates  must  remain  in  the 
hands  of  the  General  Body  of  Fellows,  and  be  carried  out 
by  a  properly  organised  system  of  balloting  after  three 
‘  Readings  ’  before  the  Society. 

“  Steps  are  being  taken  to  ensure  the  carrying  out  of 
the  recommendations  made  herein  during  the  ensuing 
Session. 

“  Fellows  are  requested  to  sign  the  annexed  form, 
striking  out  any  recommendations  with  which  they  do 
not  agree,  and  adding  any  remarks  that  they  may  con¬ 
sider  desirable;  and  to  return  it  to  either  of  the  Honorary 
Secretaries  to  the  Committee, 

“  Frederick  J.  Lloyd,  4,  Lombard  Court,  E.C. 

“  Frank  L.  Teed,  15,  Victoria  Street,  S.W. 

“  October  1st,  1890. 


“  I  have  received  your  communication,  dated  1st  0«fl. , 
1890,  relating  to  the  present  method  of  electing  Fellows 
of  the  Chemical  Society.  My  views  on  the  subjedt  are 
understated.  I  am  of  opinion  : — 

“  1.  That  the  taking  of  immediate  steps  to  maintain 
the  dignity  of  the  Fellowship  of  the  Chemical  Society  is 
necessaiy. 

“  2.  That  Fellows  should  refuse  to  sign  any  Certificate 
unless  the  Candidate,  and  his  objedt  in  wishing  to  join 
the  Society,  are  well  known  to  them. 

“  3.  That  Fellows  should  not  recommend,  and  should 
vote  against,  those  whose  scientific  claims  are  obviously 
insufficient  to  entitle  them  to  Fellowship,  or  who,  from 
any  other  cause  known  to  them,  ought  not  to  be  eledted. 

“  4.  That  the  Council  should  be  requested  to  consider 
the  matter,  and  to  frame  such  by-laws  as  may  be  required 
to  place  the  method  of  admission  upon  a  sound  and  satis¬ 
factory  basis. 

“  5.  That  such  by-laws  should  contain  exadt  defini¬ 
tions  of  the  qualifications  requisite  in  candidates  for  the 
Fellowship. 

“  6.  That  such  by-laws  should  provide  that  the  Council 
shall  consider  every  application  for  admission  to  the 
Fellowship,  and  shall  be  empowered  to  inquire  into  the 
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suitability  of  Candidates,  and  to  invite  and  receive  confi-  > 
dential  communications  from  Fellows  who  may  know 
anything  against  any  proposed  Candidate. 

“  7.  That  the  Council  should  submit  to  the  Fellows,  at 
stated  times,  a  list  of  those  Candidates  whom  they  con¬ 
sider  suitable  for  election,  and  also  a  list  of  those  with 
regard  to  whom  they  make  no  recommendation,  and  that 
full  particulars  as  to  the  Candidates  should  be  supplied 
with  each  list. 

“  8.  That  the  final  Election  of  Candidates  should  remain 
in  the  hands  of  the  General  Body  of  Fellows,  to  be  carried 
out  by  a  properly  organised  system  of  balloting  after  three 
‘readings’  before  the  Society.” 


CHEMICAL  NOTICES  FROM  FOREIGN 
SOURCES. 


Note. — All  degrees  of  temperature  are  Centigrade  unless  otherwise 

expressed. 

Comptes  Rendns  Hebdomadaires  des  Seances,  de  /’ Academic 

des  Sciences.  Vol.  cxi.,  No.  13,  September  29,  1890. 

Absorption  of  Carbon  Monoxide  by  Earth. —  M. 
Bcrthelot. — The  author  refers  to  the  well-known  fact  that 
it  is  dangerous  to  enter  the  galleries  of  a  mine  immediately 
after  an  explosion,  or  to  even  go  into  the  cavities  hollowed 
out  by  the  explosion  of  large  bombs,  especially  if  gun¬ 
cotton  or  melinite  has  been  used.  Carbon  monoxide  is 
the  cause  of  most  of  these  accidents  which  have  been  ob¬ 
served  in  gaseous  mixtures  so  rich  in  oxygen  that  a 
candle  will  burn  in  them  readily'.  This  result  has  been 
attributed  to  some  specific  property  in  consequence  of 
which  the  soil  retains  carbon  monoxide  more  persistently 
than  other  gases.  The  carbon  monoxide  thus  occluded 
is  gradually  given  off,  and  there  is  no  reagent  capable  of 
absorbing  it  under  these  conditions.  The  only  remedy 
is  a  sufficient  and  prolonged  ventilation. 

On  the  Acetylene  Condensed  by  the  Effluve. — M. 
Berthelot.— The  condensation  of  acetylene  effected  by 
the  effluve  is  quite  different  in  character  from  that  which 
takes  place  under  the  influence  of  heat  (at  about  400°  to 
500°).  The  pyrogenous  polymerisation  of  acetylene  pro¬ 
duces  especially  benzene,  but  it  takes  place  with  a  con¬ 
siderable  loss  of  energy  (  +  171  cal.),  which  explains  the 
great  stability  of  the  product.  On  the  contrary,  the  pro¬ 
duct  condenses  in  the  cold  under  the  influence  of  the 
effluve,  retaining  a  much  stronger  proportion  of  energy,  as 
is  shown  by  the  explosive  (exothermic)  character  of  their 
decomposition. 

Electric  Spectrum  of  Gadolinium  Chloride. — 
Lecoq  de  Boisbaudran. —  The  author,  on  causing  the 
spark  of  his  indudtion-coil  with  a  long  wire  to  strike  over 
the  hydrochloric  solution  of  gadolinium,  obtains  a 
beautiful  spectrum,  consisting  chiefly  of  bands  having 
numerous  rays,  many  of  which  are  strongly  degraded  to¬ 
wards  the  red.  With  Demarcjay’s  short-wire  coil  and  a 
very  small  interpolar  space  the  bands  disappear,  and  there 
is  developed  a  new  spedtrum  composed  of  definite  rays, 
numerous  and  veiy  brilliant.  With  the  same  short-wire 
bobbin,  but  with  the  poles  placed  at  the  greatest  possible 
distance  from  each  other,  the  band-spedtrum  is  developed 
with  extraordinary  splendour.  The  spedtral  readtion  of 
Gd  is  therefore  very  decisive.  Tne  author  gives  a  long 
description  of  the  spedtrum  furnished  by  the  spark  of  the 
long-wire  coil.  Besides  these  bands,  there  are  also  seen 
traces  of  some  of  the  principal  narrow  rays  of  the  high- 
temperature  spedtrum  which  is  developed  when  the  short- 
wire  coil  is  used  without  elongating  the  spark. 

On  the  Equivalent  of  the  Terbias. — Lecoq  de  Bois- 
taudran. — -In  a  former  investigation  ( Cumptes  Rendus, 


Feb.,  1886,  p.  395)  the  author  determined  the  equivalent 
of  his  best  earth,  Z/3  (a  very  deep  brown  terbia)  by  weigh¬ 
ing  the  sulphate  obtained  from  a  given  weight  of  the 
earth.  The  minimum  value  obtained  was  eq.  =  124*7; 
atomic  weight  of  the  metal  =  163*1:  but  the  corrections 
of  the  weights  subsequently  mentioned  (C.  R.,  September, 
1888,  p.  492;  and  September,  1890,  p.  410)  were  not  em¬ 
ployed,  and  the  earth  was  simply  weighed,  after  ignition 
to  full  redness,  which  leaves  the  proportion  of  the  oxygen 
of  superoxidation  somewhat  uncertain.  The  author  has 
repeated  this  determination,  weighing  the  sulphate  ob¬ 
tained  from  a  known  weight  of  Z/3 03,  but  after  igniting  it 
to  whiteness  and  studying  the  absorptions  excited  by  the 
substance  after  the  extindlion  of  the  fire.  The  oxygen  of 
superoxidation  (much  less  than  after  mere  ignition  to  red¬ 
ness)  was  determined,  and  its  weight  deducted  from  that 
of  the  earth.  He  thus  obtains  lower  values. 


Equiv. 

Atomic  weight. 

First  experiment  .. 

..  12263 

I59'95 

Second  ,, 

..  I22’OI 

159*01 

Mean 

..  122*32 

159*48 

Further  determinations  could  not  be  effected  from  the 
went  of  sufficient  material.  The  earth  Z/3,  ignited  to 
whiteness  in  a  covered  crucible,  but  over  the  oxidising 
flame  of  a  gas  blowpipe,  dissolves  slowly  in  dilute  hydro¬ 
chloric  acid  with  the  aid  of  heat.  It  still  retains  — -  of 

100 

oxygen  of  superoxidation  ;  its  colour  is  much  lighter,  but 
still  very  yellow. 

A  New  Safety  Lamp  for  Mines.— Charles  Poliak.— 
A  rectangular  box  cf  ebonite  contains  accumulators  of  the 
Poliak  system  ;  it  rests  upon  a  metal  plate.  An  ebonite 
lid  serves  as  support  for  a  glow-lamp  enclosed  in  a 
cylinder  of  thick  glass.  The  whole  is  covered  with  a 
metal  top,  fixed  closely  by  means  of  pins.  A  leaf  of  soft 
caoutchouc,  introduced  between  the  top  and  the  box 
renders  the  junction  hermetic.  Into  the  lid  are  inserted 
rods  of  an  inoxidisable  metal,  which  pass  through  it  and 
support  at  their  bases  contacts  of  platinum,  wffich  meet 
the  platinum  contacts  of  the  accumulators,  and  which 
have  at  their  summits  springs,  one  of  which  is  in  metallic 
connection  with  a  foot  of  the  lamp.  The  other  foot  of 
the  lamp  is  insulated,  and  can  be  brought  in  contact  with 
a  pole  of  the  accumulator  by  means  of  a  needle  introduced 
into  a  horizontal  channel  made  in  the  lid.  As  the  con¬ 
tacts  are  in  the  interior  of  the  box  and  the  lid,  neither 
the  opening  nor  the  closing  of  the  current  can  cause  an 
explosion  ;  hence  the  lamp  can  be  either  ignited  or  ex¬ 
tinguished  in  an  inflammable  atmosphere,  ff  the  system 
is  dismounted,  or  if  the  glass  globe  of  the  glow-lamp  is 
broken,  the  lamp  is  extinguished.  The  model  exhibited 
weighed  1800  grms.,  and  gives  a  perfectly  constant  light 
ol  0*7  to  o*8  candle-power  for  twelve  hours. 

The  Properties  of  the  N  atural  Colouring  Principles 
of  Yellow  Silk,  and  on  their  Analogy  with  Vegetable 
Carotine. — Raphael  Dubois. — According  to  the  researches 
of  Ruard  and  Mulder,  the  colour  of  yellow  silk  is  due  to  a 
resinoid  matter  containing  a  red  pigment,  insoluble  in 
water,  though  soluble  in  alcohol,  ether,  and  the  volatile 
and  fatty  oils.  In  fact,  yellow  silk  contains  several 
colouring-matters,  some  of  which  the  author  has  extracted. 

1.  A  golden-yellow  pigment,  soluble  in  solutions  of  potas¬ 
sium  carbonate,  and  precipitated  by  acetic  acid  in  excess. 

2.  Crystals  of  a  reddish  yellow  by  transmitted,  and  of  a 
brownish  red  by  reflected  light.  3.  An  amorphous  lemon- 
yellow  matter.  4.  Lemon-yellow  otahedral  crystals, 
like  those  of  sulphur.  5.  A  deep  greenish  blue  pigment 
present  in  very  small  quantity.  The  mixture  of  the 
colour ing-principles  2,  3,  and  4,  which  the  author  has  not 
yet  been  able  to  separate,  on  account  of  the  small 
quantity  of  material  at  his  disposal,  agrees  in  its 
characters  with  carotine. 
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Robbery  of  Platinum. 


I  Chemical  News, 

(  Oft.  24,  i8go. 


MISCELLANEOUS. 


Robbery  of  Platinum  at  Messrs.  Dunn  and  Co., 
Stirling  Chemical  Works,  West  Ham. — The  following 
circular  has  been  sent  out  by  Messrs.  Dunn  and  Co. : — 
“Six  Platinum  Dishes  were  stolen  from  our  premises  on 
Sunday,  October  12th.  3  Dishes,  10J  inches  diameter  by 

8J  inches  deep,  weighing  about  80  ounces  each  ;  3  Dishes, 
8J  inches  diameter  by  6§  inches  deep,  v/eighing  about  50 
ounces  each.  If  you  should  hear  of  any  attempt  to 
dispose  of  such  platinum  (in  scrap  or  otherwise),  we 
would  thank  you  to  acquaint  the  Police  and  advise  us  by 
telegraph.  By  so  doing  you  would  confer  a  great  favour.” 

Literary  Announcements. — A  very  important  new 
work,  entitled  The  Mechanical  Engineers'  Office  Book  for 
Machine  and  Boiler  Construction,  will  shortly  be  issued  by 
Messrs.  Crosby  Lockwood  and  Son,  London.  The  work 
is  written  by  Mr.  Nelson  Foley,  and  illustrated  by  fifty 
specially  prepared  plates,  in  large  folio. — The  same  pub¬ 
lishers  also  announce  The  Colliery  Managers'  Handbook  : 
a  Guide  to  Pra&ical  Coal  Mining.  By  Caleb  Pamely, 
M.E.,  with  about  400  Plans  and  Diagrams.  Medium  8vo. 
- — The  Analysis  and  Valuation  of  Fuel,  Solid,  Liquid,  and 
Gaseous  ;  a  Manual  for  Chemists  and  Engineers.  By  H. 
J.  Phillips,  F.C.S.  Crown  8vo. — Asbestos:  Its  Properties, 
Occurrence,  and  Uses.  By  R.  H.  Jones.  Illustrated 
with  Collotype  Plates.  Crown  8vo. —  Ventilation  :  a  Prac¬ 
tical  Handbook  for  Sanitary  Engineers,  Architects,  &c. 
By  VV.  P.  Buchan.  Fully  Illustrated.  Crown  8vo. — The 
Number,  Weight,  and  Fractional  Calculator,  being  the 
third  edition  of  11  The  New  Calculator.”  By  William 
Chadwick.  Thick  8vo. — Electric  Light :  Its  Production 
and  Use.  By  J.  W.  Urquhart.  Fourth  Edition.  Revised 
and  extended.  Crown  8vo.  —  A  Handbook  for  Young 
Bveivers.  By  Herbert  Edwards  Wright,  B  A.  Entirely 
New  Edition.  Re-written  and  enlarged. — Also  the  follow¬ 
ing  New  Edition  in  Weale’s  Rudimentary  Scientific  Series: 
Portland  Cement  for  Users.  By  Henry  Faja,  M.Inst.C.E. 
Third  Edition.  Corrected  and  enlarged. 
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/"'HEMICAL  NOTES.  By  Dr.  Hodckinson. 

)  Adapted  for  the  Use  of  Students  attending  Lectures  in 
Science  Schools,  &c. 

I.  NOTES  ON  CHEMISTRY.  —  These  Notes  describe  the 
Non-Metallic  Elements  and  their  Chief  Compounds  and 
Reactions,  and  give  a  Short  Outline  of  the  Principal 
Theories.  Price.  Two  Shillings. 

II.  EXERCISES  IN  PRACTICAL  CHEMISTRY.— Qualita¬ 
tive  Analysis.  Price,  Two  Shillings. 

III.  METALS.  —  An  Outline  of  the  Metallurgical  Processes. 
Price,  Two  Shillings. 

London:  GEORGE  KENNING,  16,  Great  Queen  Street,  W.C, 
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HORSHAM  UNION. 

The  Guardians  are  desirous  of  receiving 

TENDERS 

at  the  meeting  of  the  Board,  to  be  held  on  the  29th  day  of  Oftober, 
1890,  for  the  supply  of  the  following  articles  for  twenty-two  weeks 
from  the  26th  day  of  Odtober,  1890  : — viz.,  Laudanum,  Quinine, 
(sulphate  and  unbleached),  Cod  Liver  Oil,  Morphia  Pills,  Castor  Oil, 
Double  and  Single  Trusses,  &c  ,  and  Disinfectants. 

1  he  Contradtor  will  be  required  to  enterinto  an  Agreement  for  the 
due  fulfilment  of  his  contradt. 

Printed  Forms  of  Tender  may  be  had  on  application  to  the  Master, 
and  no  Tender  in  any  other  foim  will  be  received. 

The  Price  to  be  siated  in  words  at  length,  and  Tenders  to  be  de¬ 
livered  at  the  Board  Room  on  Tuesday,  the  28th  day  of  Odtober  inst., 
at,  or  before,  six  o’clock  in  the  evening,  after  which  hour  Tenders 
cannot  be  received. 

The  Guardians  reserve  the  power  of  rejedting  any  Tender  or  article 
on  delivery. 

Bv  order  of  the  Board, 

A.  C.  COOLE,  Clerk. 

9,  Carfax,  Horsham, 

Odtober  ,  61  h,  1890. 

Chemists,  Druggists,  Perfumers,  Store  Proprietors,  and  others. —  By 
order  of  the  Trustees,  under  Deed  of  Assignment. — Estate  of  G.  F. 
Fuller,  Sun  Street,  Hitchin. 


JOSEPH  DAWE  is  instructed  to  offer  for 

I  SALE  by  Tender  the  whole  of  the  extensive  stock  herein  of 
PATENT  MEDICINES,  Drugs,  Perfumery,  Chemist’s  Sundries, 
ana  Toilet  Requisites,  amounting  at  cost  or  stock-book  ptices  to 
about  £350.  The  Tenders  will  be  opened  on  Thursday  next,  Oft.  30, 
1890,  at  twelve  o’clock,  at  the  offices  of  Messis  Oscar  Berry  and 
Carr,  Chartered  Accountants,  Monument  House,  Monument  Yard, 
E.C.  The  goods  can  be  inspefted  on  the  premises,  and  full  details 
as  ertained  on  application  to  Oscar  Berry,  Esq.,  C.A.,  Monument 
House,  E.C. ;  Geo.  White,  Esq.,  C.A.,  14,  Oid  Jewry  Chambers, 
E.C.  ;  and  to  Joseph  Dawe,  Auftioneer,  7,  Eastcheap,  E.C. 


Wanted,  a  Situation  as  Assistant  Analyst  in 

an  Analytical  or  Manufaftuiing  Laboratory.  Has  been  three 
years  studying  General  and  Organic  Analysis  and  Assaying,  and  has 
some  knowlecge  of  Gas  Analjsis  and  Piadtical  Phjsics.  Certificates 
for  Chemistry  from  the  Science  and  Ait  Department,  London;  good 
references. — Address,  G.  H,  B.,  48,  Broadmead,  Bristol. 
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EXAMINATION  OF  OILS,  FATS,  AND  ALLIED 
SUBSTANCES. 


By  THOMAS  T.  P.  BRUCE  WARREN. 


Let  58  5°  C.  be  the  rise  of  temperature  (Maumene’s  re¬ 
action)  observed  on  M,  and  let  420,  420,  and  1330  C.  be  the 
rise  of  temperature  noted  on  each  oil  respectively. 

Now,  as  olive  oil  and  lard  oil  each  give  a  rise  of  420, 
and  linseed  oil  1330,  a  rise  of  temperature  above  42°  is  due 
to  linseed  oil ;  knowing,  then,  the  weight  of  linseed  oil, 
we  can  eliminate  from  the  iodine  absorption  of  M  the 
absorption  due  to  linseed  oil.  The  remaining  iodine  ab¬ 
sorption  is  due  to  a  mixture  of  olive  and  lard  oils,  and 
from  which  we  can  calculate  the  quantities  of  each 

Let  x,  y  and  z  be  the  unknown  quantities  of  each  oil 
respectively,  then — 


In  dealing  with  a  mixture  of  two  oils,  the  following  equa¬ 
tion  will  be  found  very  useful.  The  mixture  contains  lin¬ 
seed  oil  and  lard  oil.  The  iodine  absorption  per  cent  of 
linseed  oil  is  170,  and  for  lard  oil  is  52*5  per  cent ;  x  and y 
are  the  quantities  respectively  of  each  oil  required  to 
give  an  iodine  absorption  —  84-5  per  cent — 

(170  x*)  + (52-5  Xy)  —  8^'^(x+y), 

170* -84-5*  =  82-57 -52-57, 

85-5^  =  32^, 

i.e.,  117-5  parts  of  the  mixture  contains  85-5  xx  and  32  xy 
of  the  separate  oils.  We  simplify  by  making  y  =  1.  The 
problem  now  is: — How  much  lard  oil,  =52-5  per  cent, 
must  be  mixed  with  1  part  linseed  oil,  =170  per  cent, 
to  yield  a  mixture  =  84-5  per  cent  iodine  absorption. 


x+y+z=  M  =  ioo . (1). 

100x84-5  =  84-5*4-  52-5^  +  170^ . (2). 

and — 

100  X  58 -5°  =  42°* +42^  +  1330 . (3). 

Combining  equations  (1)  and  (3)— 

42 {x+y)  + 1333  =58-5  {  {x+y)  +z  | 
x+y=  4'5IZ- 

Substitute  this  for  x+y  in  equation  (1)— 

4-512+3  =  100. 

.\  z  = 18*1  per  cent  linseed  oil; 

whence — 

* +7  =  100-18-1  =  81-9  p.c.  olive  and  lard  oils  .  (4). 
From  equation  (2) — 


*7°+52-5*  =  84.5) 

•z  +  r 

i7° +  52*5*  =  84-5* +  84-5, 


84'5^  +  52,5j4-(i70X  i8-i)  =  845o, 

subtracting  170  x  18-1  from  each  side  of  this  equation,  we 
get— 


32^  =  85-5.-.  *  =  2-67; 

hence,  1  part  linseed  oil  and  2-67  lard  oil  is  the  mixture 
required  for — 

52-5  X  2-67=  140-17  lard  oil 
170x1-0  =170-0  linseed  oil 


3-67  310-17 

31017 

adding  7^-=  85-5,  the  iodine  absorption  required; 
then — 

3-67  :  2-67  : :  100  :  72-8  per  cent  lard  oil 
3-67:1-0  ::  100:  27-3  ,,  linseed  oil, 

and — 

52-5 

72 -8  X  ^7=  38-22,  iodine  absorption  for  lard  oil 
I7O 

27’3  x  7—  =  46‘4i>  »  >)  linseed  oil 


84-63  ,,  ,,  mixture. 

Supplementing  the  calculations  given  in  the  Chemical 
News,  vol.  lxii.,  p.  125,  the  following  simple  treatment 
gives  direCt  results: — The  numbers  for  the  iodine  absorp¬ 
tion  of  each  oil,  if  subtracted  from  the  averages  of  the 
iodine  absorption  of  a  mixture,  and  xoo,  will  give  the  per¬ 
centage  quantity  of  each  oil. 

Mean  of  xoo  and  g6-4  =  98-2. 


84-5^  +  52-57=5373 . (5). 

From  equation  (4), y  =  81-9-*,  substitute,  in  equation  (5), 
this  value  of 7 ; —  ' 

We  have  32x  =  1057-2  .-.  x  =  33’o  per  cent  olive  oil,  and 
8i'9~33‘0  =  48'9  Per  cent  lard  oil. 

Collecting  results  :  — 

Actual  mixture.* 

Olive  oil  ..  33-0  I.  abs.  =  27-88  Olive  oil  ..  33-3 

Lard  ,  48-9  „  =25-67  Lard  „  ..  48-5 

Linseed  oil  .  i8'i  ,,  =30-77  Linseed  oil..  i8-x 


xoo-o  84-32  IOO'O 

My  attention  was  directed  to  a  mixture  of  these  oils, 
some  time  ago,  by  a  friend,  who  said  it  was  used  in 
soap-making,  and  was  purchased  as  olive  oil  of  a  special 
grade.  As  such  a  mixture  has  an  industrial  application, 
this  method  of  equating  its  composition  may  be  useful. 

A  mixture  of  these  oils  may  be  complicated  by  adultera¬ 
tions  of  olive  or  lard  oils,  or  perhaps  both,  by  cotton-seed 
oil.  In  every  case,  we  must  first  bs  sure  that  we  have 
obtained  most  reliable  evidence  of  the  individual  oils  con¬ 
tained  in  a  mixture. 


THE  ALCOHOL  TEST  FOR  PURE  CASTOR  OIL. 
By  J.  ARTHUR  WILSON. 


98-2-42-8  =  55-42  per  cent  sesame  oil 
98-2  — 53-6=44'6  »,  olive  „ 

Mean  of  100  and  84-5  =  92-25. 

92-25-19-95  =  72-3  per  cent  lard  oil 
92-25-64-6  =27-65  ,,  linseed  oil. 

The  figures  obtained  in  this  way  are  confirmed  by  other 
methods.  In  dealing  with  a  mixture  of  more  than  two 
oils,  we  must  introduce  other  functional  equations  for 
exaCt  results. 

Let  M  =  100  be  a  mixture  of  olive,  lard,  and  linseed  oils 
with  iodine  absorptions  84-5  per  cent,  52-5  per  cent,  ancf 
170  per  cent  respectively,  and  let  84-5  per  cent  be  the 
iodine  absorption  of  M. 


Castor  oil  differs  in  many  respects  from  most  fixed  oils 
especially  in  consisting  largely  of  the  glyceride  of  ricinoleic 
acid,  which  is  soluble  in  absolute  alcohol.  Hence  this  re¬ 
agent  can  be  used  for  the  detection  of  impurities  in  castor 
oil.  Like  most  othertests  of  a  similar  kind,  it  is  not  of  much 
use  for  the  detection  of  small  quantities  of  foreign  oil 
owing  to  the  solvent  action  of  the  dissolved  castor  oil  on 
the  small  proportion  of  foreign  oil  that  may  be  present 
The  British  Pharmacopoeia  directs  that  pure  castor 'oil 
shall  be  soluble  in  an  equal  measure  of  absolute  alcohol 
and  twice  the  measure  of  rectified  spirit. 


*  Made  bv  taking  1  part  olive  oil  and 
lard  oil  and  linseed  oil  referred  to  (Chem 


2  parts  of  the  mixture  of 
ical  News,  vpl.  lxii.,  p.  179). 


2X6 


Biophene. 


(  Chemical  News, 
1  Oft.  3i,  1890. 


According  to  Mr.  Allen  (“  Commercial  Organic 
Analysis,  vol.  ii. ,  128)  this  is  correct  at  30°  C.,  providing 
spirit  of  exactly  o-838  gravity  be  used.  I  have  examined 
a  number  of  samples  of  both  commercial  and  medicinal 
castor  oil,  strictly  at  30°  C. ,  and  by  a  spirit  of  exadtly  o-838 
specific  gravity,  and  find  that  at  exadtly  30°  C.  the  oil  is  not 
completely  soluble,  but  that  the  temperature  of  solution 
varies  between  38°  and  430  C.  I  may  say  that  the  oils  I 
used  satisfied  all  other  requirements  as  to  purity. 

In  carrying  out  the  alcohol  test,  it  is  best  to  operate  as 
follows : — One  measure  of  the  castor  oil  underer.amination 
is  mixed  thoroughly  with  two  volumes  of  spirit  of  exadtly 
o-838  specific  gravity,  and  then  heated,  stirring  well  with 
a  thermometer  till  complete  solution.  In  the  case  of 
genuine  castor  oil  this  will  be  between  38°  and  43°  C., 
possibly  lower  than  the  former  ;  whilst  if  any  foreign 
oil  be  present,  the  temperature  will  be  much  higher;  and  in 
gross  adulteration,  some  oil  may  not  be  dissolved  even  at 
the  boiling-point  of  the  mixture. 

Tottington,  Oft.  20, 1890. 


THE  SEPARATION  OF  TIN  AND  ANTIMONY.* 

By  H.  N  WARREN,  Research  Analyst. 


A  convenient  quantity  of  the  sample,  either  an  ore  or 
slag,  as  the  case  may  admit  of,  having  been  reduced  to 
powder  by  the  usual  method,  is  introduced  into  a  nickel 
crucible  of  convenient  dimensions,  and  intimately  mixed 
with  about  ten  times  its  weight  of  a  mixture  of  sodium 
carbonate  and  one  of  borax,  the  decomposition  being 
brought  about  by  the  application  for  a  few  minutes  of  a 
full  red  heat  from  an  ordinary  foot  blowpipe.  When  all 
necessary  reaction  has  terminated,  the  contents  may  be 
advantageously  poured  on  to  the  surface  of  an  iron  slab 
or  other  incombustible  substance.  The  melt  thus  obtained 
is  rapidly  and  completely  dissolved  by  the  ai  1  of  a  small 
quantity  of  dilute  HC1,  introduced  into  a  flask  of  known 
capacity,  together  with  the  small  quantity  which  still 
adheres  to  the  sides  of  the  crucible,  which  is  rapidly 
detached  by  pouring  into  the  same  a  further  quantity  of 
dilute  acid  and  gently  warming.  The  contents  of  the 
flask  are  now  diluted  to  the  containing  mark,  and  a 
known  quantity  withdrawn  by  the  aid  of  a  pipette, 
which  is  received  into  an  accompanying  flask  and 
saturated  with  a  stream  of  SH2  gas.  Tin,  antimony, 
and  similar  metals  of  the  same  group,  becoming 
consequently  precipitated  as  sulphides.  The  mixed 
precipitates  thus  obtained  are  filtered  and  collected 
by  means  of  a  plug  of  cotton  inserted  in  the  neck 
of  a  glass  funnel ;  the  cotton,  with  its  contents,  after 
being  once  washed,  is  dislodged  and  received  into  a  vessel 
containing  a  strong  solution  of  NaHO,  the  same  being 
raised  and  maintained  for  a  few  minutes  at  the  boiling- 
point  ;  the  tin  and  antimony  sulphide  passing  into  solu¬ 
tion  as  sulphostannate  and  sulphoantimoniate  of  soda. 
The  soluble  tin  and  antimony  compounds  thus  obtained 
are  separated  by  re-filtering,  as  in  the  previous  case,  and 
divided  into  two  separate  portions,  being  received,  for 
convenience  sake  into  two  flasks,  and  labelled  A  and  B 
portions.  To  the  A  portion  is  introduced  a  somewhat 
large  excess  of  oxalic  acid,  and  the  solution  allowed  to 
boil  until  the  small  quantity  of  antimony  sulphide  that 
remains  presents  a  pure  orange-red  colour,  characteristic 
of  that  compound  ;  the  precipitate  being  collected  in  the 
usual  manner,  and  decomposed  in  a  porcelain  crucible  at 
a  very  low  red  heat,  weighing  as  Sb204  and  calculating 
to  percentage  of  antimony.  To  the  second,  or  B  portion, 
is  added  an  excess  of  dilute  HC1,  and  the  whole  gently 
warmed  ;  there-precipitated  sulphide  thus  obtained  treated 
precisely  the  same  as  in  the  previous  instance,  weighing  as 
oxides.  The  total  amount  of  tin  being  obtained  by 


deducting  the  former  weight  of  precipitated  oxide  obtained 
from  the  A  portion,  from  that  of  the  mixed  oxides  obtained 
from  the  second,  or  B,  portion,  and  calculating  by  its 
respective  formula:. 

The  speed  and  accuracy  obtained  by  the  method  fore¬ 
shadowed  largely  depends  upon  the  judicious  use  of  the 
borax  employed  towards  the  commencement  of  the  opera¬ 
tion,  whereby  not  only  a  most  readily  fusible  compound  is 
obtained,  but,  at  the  same  time,  being  readily  soluble  in 
acid  ;  insomuch  that  the  author  has  not  unfrequently 
effected  a  complete  assay  of  from  twenty  to  thirty  samples 
in  a  day;  whereas,  by  any  of  the  ordinary  methods 
hitherto  employed,  one-tenth  of  that  quantity  would  be 
attended  by  considerable  labour  accompanied  by  more  or 
less  inaccuracy. 

Everton  Research  Laboratory, 

18,  Albion  Street,  Everton,  Liverpool. 


BIOPHENE.* 

By  LOUIS  E.  LEVI,  Ph.D. 


The  gap  which  now  separates  the  fat  from  the  aromatic 
series  is  being  rapidly  filled.  The  great  researches  upon 
pyridine,  pyrrol,  furfuran,  thiophene,  and  other  groups  of 
bodies  similarly  derived  from  the  fat  series,  have  already 
shown  to  chemists  that  the  words  “  fat  ”  and  “  aromatic  ” 
must  soon  be  changed  to  some  more  appropriate  terms. 
All  the  reactions  which  the  above  groups  possess,  although 
they  are  derived  from  bodies  in  the  fat  series,  show  them 
to  be  closely  related  to  the  aromatic  compounds. 

The  actions  of  acids,  halogens,  and  all  other  reagents, 
upon  these  groups,  are  more  marked,  and  progress  more 
easily  and  rapidly,  than  upon  the  aromatic  compounds. 
The  thiophene  discovered  by  Victor  Meyer  being  the  first 
body  containing  sulphur  and  possessing  the  properties  of 
aromatic  bodies,  is  of  especial  interest.  During  the  time 
the  writer  had  the  pleasure  of  working  under  Victor 
Meyer,  and  later  of  working  with  him,  the  idea  of  a  body 
similar  to  benzol,  in  which  two  “CH”  groups  are  re¬ 
placed  by  two  sulphur  atoms,  was  first  suggested.  The 
interest  in  the  question,  whether  a  body  with  the  symbol — 

S 

HC/\CH 

HC|*JlcH 

S 

would  also  possess  the  properties  of  an  aromatic  com¬ 
pound,  was  very  great.  Since  the  aCtion  of  phosphorus 
trisulphide  upon  succinic  acid, — 

COOH— CH2— CH2— COOH, 


forms  thiophene, — 

HC _ CH 

Hclj^CH 

S 

so  thiodiglycollic  acid,  COOH — CH2 — S — CH2 — COOH, 
should,  under  the  same  conditions,  produce  the  body 
which  we  will  call  “  biophene  ”  : — • 


HC/^CH 


HCi^jlCH 


The  probability  of  the  formation  of  biophene  by  this 
reaction  is  increased  by  the  faCt,  that  while  succinic  acid 
and  phosphorus  trisulphide  yield  thiophene,  thiodiglycollic 
acid  is  composed  of  two  half  molecules  of  succinic  acid 


*  The  Chemical  Trade  Journal  Prize  Essay, 


From  Technology  Quarterly,  vol.  iii.,  No.  2. 


Chemical  News,  1 
Oft.  31, 1890.  J 


Bio  phene. 
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joined  together  by  an  atom  of  sulphur.  Biophene,  is  pro¬ 
duced,  as  was  expedted,  by  the  above  reaction,  but  only 
under  certain  conditions. 

The  method  of  distilling  the  acid  with  the  phosphorus 
trisulphide,  the  way  in  which  thiophene  is  made,  yields 
an  impure  produdt  containing  very  little  biophene,  but  yet 
sufficient  to  show  the  charadleristic  indophenin  readlion. 
In  order  to  obtain  biophene  in  sufficient  quantity  and 
purity,  the  method  of  its  preparation  was  modified. 

Preparation  of  Biophene, 

Five  grms.  of  thiodiglycollic  acid  are  mixed  with  ten 
grms.  of  phosphorus  trisulphide,  and  plactd  in  a  tube, 
closed  at  one  end,  with  15  to  20  c.c.  of  ether.  The  tube 
is  then  closed  with  a  fine  capillary,  placed  in  an  oven, 
heated  two  hours  at  a  temperature  of  170°  C.  After 
cooling,  the  capillary  is  opened  to  allow  the  escape  of  the 
hydrogen  sulphide  formed.  The  contents  of  the  tube, 
which  has  an  odour  not  unlike  the  secretions  of  a  skunk, 
is  placed  in  a  separating  funnel,  and  washed  with 
potassium  hydrate.  The  alkali  is  then  drawn  off,  and 
the  remaining  oil  dissolved  in  ether  and  dried  with 
chloride  of  calcium.  After  drying  thoroughly,  the  ether 
is  evaporated  and  the  substance  fradlionated.  The  oil 
passes  over  in  fradtions  between  140°  and  170'  C.,  accom¬ 
panied  by  a  slight  decomposition.  By  re-fradtionating, 
an  oil  having  the  constant  boiling-point  165 — 170'  is  ob¬ 
tained.  This  produdt,  when  mixed  with  sulphuric  acid, 
and  a  crystal  of  isatin  added,  gives  a  beautiful  violet 
colour,  the  charadleristic  indophenin  readtion  of  the  thio¬ 
phenes.  The  analysis  showed  that  this  oil  was  biophene. 

0*180  gr.  of  the  oil  oxidised  with  HN03,  yielded  07208 
gr.  BaSC>4. 

Found.  Theory  for  CtH4S2. 
Sulphur . 55'°°  55*1 7 

Aceto-bienone,  C4H3S2COCH3. 

To  a  mixture  of  1  grm.  of  biophene,  10  grms.  of  petro¬ 
leum  ether,  and  1  grm.  of  acetyl  chloride,  aluminium 
chloride  is  slowly  added.  A  readtion  begins  immediately, 
accompanied  by  the  evolution  of  hydrochloric  acid  gas. 
If  the  flask  is  shaken  every  five  minutes,  the  readtion  will 
be  quickly  finished,  and  the  aluminium  compound  of  the 
ketone  will  settle  to  the  bottom  of  the  flask.  When,  on 
further  addition  of  aluminium  chloride,  no  more  hydro¬ 
chloric  acid  gas  is  given  cff,  the  piodudl  is  warmed  about 
fifteen  minutes  upon  the  water-bath,  and  the  petroleum 
ether  poured  off.  The  thick  oily  mass  is  then  decomposed 
with  ice  and  water,  and  purified  by  distilling  with  steam. 
The  distillate  is  extracted  with  ether,  and  dried  over 
chloride  of  calcium.  On  evaporating  the  ether,  there  re¬ 
mains  a  heavy  slightly  coloured  oil,  whose  odour  is  very 
aromatic  and  like  that  of  aceto-thienone. 

Aceto-bienone  distils  at  a  temperature  above  300°  C.,  at 
the  same  time  decomposing.  The  adlion  of  light  upon  it 
turns  it  dark  brown.  In  order  to  characterise  aceto- 
bienone  as  a  ketone,  the  phenylhydrazine  compound  was 
made. 

Aceto-bienone  and  Phenylhydrazine. 

Molecular  weights  of  aceto-bienone,  phenylhydrazine, 
and  anhydrous  sodium  acetate  are  heated  upon  the  water- 
bath,  with  a  little  water,  about  six  hours.  On  cooling, 
beautiful  red  -  coloured  needles  precipitate,  which  upon 
re-crystallising  out  of  alcohol  are  obtained  pure.  The 
phenylhydrazide  has  a  melting-point  of  128°,  and  is 
soluble  in  alcohol  and  ether. 

0-156  gr.  of  the  salt,  oxidised  with  HN03,  yielded  0-2905 

BaS04-  CH 

Found.  Theory  for  C4H3S2C^^j 

Sulphur..  ..  25-6  25-8 

Oxidation  of  Aceto-bienone. 

To  1  grm.  of  aceto-bienone  take  2-55  gr.  KMn04,  and 
add  15  c.c.  of  a  14  per  cent  KOH  solution  for  every  50 


c.c.  of  a  2  per  cent  KMn04  solution.  This  mixture  is 
placed  in  a  flask  with  a  return  cooler  attached,  and 
agitated  continually.  The  readtion  begins  immediately, 
and  the  liquid  assumes  a  daik  green  colour.  As  soon  as 
the  green  colour  disappears,  the  substance  is  heated  on 
the  water  -  bath  for  thirty  minutes,  when  the  oxide  of 
manganese  which  is  formed  will  settle  to  the  bottom, 
leaving  a  clear  liquid.  The  oxide  of  manganese  is  re¬ 
moved  by  filtration,  and  the  liquid  acidified  with  sul¬ 
phuric  acid  and  extracted  with  ether.  After  the  ether 
solution  is  evaporated,  an  oil  remains,  which,  on  standing, 
crystallises.  The  crystals  are  purified  by  crystallisation 
from  alcohol  or  water.  The  water  solution  shows  the 
charadleristic  acid  tests  with  litmus-paper  and  sodium 
carbonate.  The  yield  being  small,  an  analysis  could  not 
be  made. 

Phenylbienylketone,  ^  pj  ^ *<?5>CO, 

is  formed  by  the  adlion  of  benzoyl  chloride  upon  bio¬ 
phene  in  the  presence  of  aluminium  chloride,  in  the  same 
way  as  the  above  -  described  aceto-bienone.  Phenyl¬ 
bienylketone  is  a  dark  brown  oil,  having  a  boiling-point 
of  2410  C,,  and  is  soluble  in  alcohol  and  ether. 

0-2933  gr>  yielded  0-6310  gr.  BaS04. 

Found.  Theory  for  ^^0. 

Sulphur  ..  ..  29-18  29-09 

Nitrophenylbienylketone. 

Two  grms.  of  phenylbienylketone  are  slowly  mixed, 
drop  by  drop,  with  nitric  acid  (sp.  gr.  1-62),  cooled  by  a 
freezing  mixture  of  Glauber’s  salt  and  hydrochloric  acid. 
As  soon  as  the  two  substances  come  in  contadl,  a  violent 
readtion  takes  place,  and  the  oil  is  completely  dissolved. 
On  cooling,  the  produdt  of  the  readtion  is  diluted  with 
water,  and  a  light  yellow  mass  precipitates.  The  pre¬ 
cipitate  is  then  placed  upon  a  filter,  and  washed  with  water 
until  an  acid  readtion  is  no  longer  noticeable.  The  dried 
substance  is  then  crystallised  fiom  acetic  acid,  and  shows 
a  melting-point  of  1120  C.  Alcohol  and  ether  can  be 
used  as  crystallising  agents,  but  are  not  so  good,  as  the 
substance  crystallised  from  them  will  still  have  a  slight 
yellow  colour.  One  would  expedt,  from  the  analogy  between 
this  substance  and  the  aromatic  bodies,  that  a  dinitro 
compound  would  be  formed,  yet  such  is  not  the  case. 
The  mononitrophenylbienylketone,  in  long  needle-like 
crystals,  is  formed.  The  analysis  of  the  substance  is  as 
follows  : — 

0-0893  gr •  of  the  salt  yielded  4-45  c.c.  nitrogen,  at  a 
temperature  of  210  C.,  and  a  pressure  of  745  m.m. 

Theory  for 

Found.  CnH7Sj03N. 

Nitrogen . 5-55  5-29 

The  results  of  this  work  show,  once  more,  that  com¬ 
pounds  may  be  formed  from  the  fat  series  which  show 
decided  charadleristics  of  the  aromatic  series,  and  which 
may  be  regarded  as  belonging  to  it;  also,  the  similarity 
between  biophene,  and  thiophene,  and  benzol  has  been 
shown. 

In  conclusion,  let  me  add  that  the  adlion  of  phosphorus 
trisulphide  upon  thiodiladlylic  acid  has  been  tried,  and  a 
produdt  obtained  which  shows  the  isatin  readtion,  proving 
that  in  all  probability  the  dimethylbiophene  or  bioxene 
can  also  be  obtained  in  the  same  manner  as  biophene. 


On  Muscarine  and  its  Higher  Homologues. — H. 
Lochert. — The  author  has  obtained  muscarine  syntheti¬ 
cally  founded  upon  the  total  combination  of  trimethyl- 
amine  and  bromacetal.  He  has  also  obtained  compounds 
of  bromacetal  with  triethylamine,  dimethylaniline,  pyri¬ 
dine,  and  quinoleine. — Bull,  de  la  Soc.  Chim,  de  Paris, 
Vol.  iii.,  No.  12 
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INTERNATIONAL  STANDARDS  FOR  THE 
ANALYSIS  OF  IRON  AND  STEEL.* 

Extracts  from  the  Work  of  the  American  Com¬ 
mittee. 

By  JOHN  W.  LANGLEY. 

In  the  summer  of  1888  it  was  the  fortune  of  the  writer  to 
present  the  subject  of  the  desirability  of  establishing  a  set 
of  samples  of  steel,  which  should  be  analysed  with 
extreme  care,  in  order  that  they  might  become  standards 
to  which  scientific  and  commercial  analyses  of  iron  and 
steel  could  be  subsequently  referred.  Also,  that  greater 
uniformity  in  the  results  of  analyses  might  be  brought 
about,  since  these  standards  would  bear  towards  analytical 
methods  somewhat  the  position  which  the  original  units 
of  weight  and  length,  the  gramme  and  metre,  or  the  pound 
and  yard,  preserved  in  Paris,  London,  and  Washington, 
do  to  the  mechanical  arts. 

The  plan  met  with  hearty  co-operation,  with  the  result 
that  committees  were  appointed  in  Sweden,  Germany, 
France,  England,  and  America  to  receive  the  material  and 
to  see  that  the  necessary  analyses  were  executed. 

In  England  the  British  Association  for  the  Advance¬ 
ment  of  Science  appointed  a  committee,  who  subsequently 
published  a  plan  of  operations  for  that  country,  reports  of 
which  will  be  found  in  the  British  Association  Transac¬ 
tions  for  1888  and  1889. 

The  writer  of  this  paper  was  entrusted  with  the  duty  of 
preparing  the  material  and  distributing  it  to  the  five 
countries  named.  This  has  been  done,  and  analytical 
work  on  the  steel  is  now  going  forward. 

In  the  United  States  a  committee  of  seven  chemists  was 
appointed  to  make  the  analyses,  consisting  of: — Andrew 

A.  Blair,  Philadelphia,  Pa.  ;  Regis  Chauvenet,  Golden, 
Colorado;  Thomas  M.  Drown,  Boston,  Mass.;  Charles 

B.  Dudley,  Altoona,  Pa.  ;  John,  W.  Langley,  Pittsburgh, 
Pa. ;  Albert  B.  Prescott,  Ann  Arbor,  Mich. ;  Porter  W. 
Shimer,  Easton,  Pa. 

This  committee  held  a  meeting  at  Washington,  Feb. 
19th,  1890,  and  came  to  the  decision  that  the  whole 
subject  of  the  existing  methods  for  the  determination  of 
carbon  in  iron  and  steel  seemed  to  be  affeCted  by  so  many 
discrepancies  and  differences  of  opinion  that,  before 
beginning  work  on  the  International  Standards,  it  would 
be  desirable  to  make  a  preliminary  study  of  methods. 
Accordingly,  the  writer  was  asked  to  prepare  some 
additional  material  which  could  be  used  in  somewhat 
large  quantities  for  the  above  purpose  only,  and  which 
should  be  known  as  the  “  Experimental  Standards,”  to 
distinguish  them  from  the  “  International  ”  ones. 

Method  of  Making  the  Exp.  Standards. 

An  ingot  of  tool  steel,  34  inches  square,  poured  from  a 
single  crucible  in  which  the  metal  had  been  thoroughly 
“  dead  melted,”  was  heated  and  hammered  barely  enough 
to  round  off  the  corners.  The  ingot  was  then  cut  into 
two  pieces,  one  of  which  was  then  re-heated  and  hammered 
down  to  a  bar  x£  inches.  The  other  half  of  the  ingot 
was  turned  in  a  lathe  with  a  blunt  tool,  exactly  as  in  the 
manufacture  of  the  International  Standards,  and  the 
turnings,  after  sifting  from  fine  dust,  were  thoroughly 
mixed  and  then  sealed  up  in  glass  jars.  The  hammered 
bar  was  drilled  and  the  drillings  similarly  treated.  This 
material  was  given  by  the  Crescent  Steel  Company,  of 
Pittsburgh. 

The  objeCt  of  this  was  to  have  two  bodies  of  metal  pre¬ 
sumably  identical  in  original  composition,  but  one  of 
which  had  received  a  large  amount  of  mechanical  work, 
the  other  approximately  none.  These  samples  are 
designated  Exp.  Standard,  Ingot,  and  Exp.  Standard, 
hammered,  respectively. 


*  Transactions  of  the  American  Institute  of  Mining  Engineers, 
Pittsburgh  International  Session,  October,  1890. 


Scope  of  the  Proposed  Work. 

The  committee  decided  to  limit  the  investigation  to  the 
following  points  at  first: — 

a.  The  best  method  of  conducting  the  igneous  combus¬ 
tion  of  the  carbon  previously  liberated  from  the  metal  by 
a  solvent. 

b.  The  best  method  of  conducting  the  aqueous  combus¬ 
tion  of  the  carbonaceous  residuum  left  by  the  solvent. 

c.  The  influence  of  the  solvent  on  the  quantity  and 
mode  of  release  of  the  carbon. 

For  division  a  it  was  decided  further  to  commence  with 
a  study  of  the  method  of  burning  the  carbon  in  a  stream 
of  oxygen. 

This  work  work  was  assigned  to  Messrs.  Blair,  Dudley, 
and  Shimer. 

For  b.  The  examination  of  oxidation  methods  by  hot 
solutions  of  sulphuric  and  chromic  acids.  Work  by  Mr. 
Langley. 

For  c.  The  use  of  a  double  chloride  of  copper  and  am¬ 
monium,  or  of  copper  and  potassium,  either  neutral  or 
acid.  Work  by  Messrs.  Blair  and  Dudley. 

A  description  of  the  apparatus  for  igneous  combustions 
is  as  follows  : — 

The  apparatus  used  by  Dudley  consisted  of  an  ordinary 
Bunsen  furnace  with  15  burners,  in  which  was  a  porcelain 
combustion  tube  five-eighths  of  an  inch  internal  diameter, 
and  eighteen  inches  long.  Inside  this  tube,  about  three 
inches  from  the  end  towards  the  absorption  apparatus, 
was  granulated  and  porous  oxide  of  copper,  occupying 
about  four  inches  of  the  length  of  the  tube,  and  filling  the 
bore.  This  was  held  in  place  by  asbestos  plugs  at  either 
end.  Next  to  the  oxide  of  copper,  towards  the  boat,  was 
placed  a  roll  of  metallic  silver  about  4  inches  long,  nearly 
filling  the  bore  of  the  tube.  Rubber  corks  were  used  at 
each  end.  The  combustions  were  ail  made  in  oxygen  gas, 
using  air  to  finish  the  aspiration  and  clean  out  the  tube. 
The  oxygen  gas  used  was  obtained  in  the  market  in 
cylinders,  the  gas  being  compressed  to  250  lb3.  per  square 
inch.  Between  the  oxygen  holder  and  the  combustion 
tube  was  placed  first  a  copper  tube,  about  four  feet  long 
and  J  inch  in  diameter,  fitted  with  three  coils  at  the 
middle  ;  next  a  potash  bulb,  and  after  that  a  chloride  of 
calcium  tube.  All  the  oxygen  gas,  and  the  air  used  in  the 
combustions,  was  passed  through  these  parts.  The 
copper  coils  were  kept  red-hot  by  a  Bunsen  burner,  during 
the  passage  of  the  gases,  the  idea  being  to  burn  any 
possible  traces  of  combustible  in  the  gas  or  air,  and  absorb 
the  C02  formed  before  they  should  go  into  the  combustion 
tube.  Between  the  absorption  end  of  the  combustion  tube 
1  and  the  potash  bulbs  were,  first,  a  washing  tube  containing 
about  5  c.c.  of  sulphate  of  silver  solution  with  perhaps 
^  a  grm.  of  silver  sulphate,  and  next,  a  chloride  of  calcium 
tube.  The  potash  bulbs  were  of  the  Geissler  form,  of 
small  size  made  to  order.  These  were  fitted  with  a  small 
chloride  of  calcium  tube  containing  chloride  of  calcium 
simply,  and  commonly  called  the  prolong.  The  whole 
absorption  apparatus  weighed,  when  charged,  about 
60  grms.  The  absorbing  solution  in  the  bulbs  was  the 
ordinary  caustic  potash  solution  recommended  by 
Fresenius.  The  absorption  apparatus  was  protected 
against  the  aspirator  bottle  by  a  full  size  chloride  of 
calcium  tube.  The  joints  were  made  with  ordinary 
rubber  tubing.  The  carbon  from  the  steel  was  caught  on 
an  asbestos  filter  in  a  platinum  boat,  and  dried  after  very 
complete  washing  at  about  go°  C.  The  boat  with  its 
filter  and  carbon  was  put  into  the  tubes  without  transfer. 
During  combustions  a  slight  pressure  above  the  atmo¬ 
sphere  was  always  maintained  in  the  combustion  tube. 
Careful  experiments  show  that  the  sulphate  of  silver 
washing  tube  is  a  complete  protection  against  hydrochloric 
acid,  and  the  metallic  silver  in  the  tube  was  relied  on  for 
protection  against  free  chlorine,  or  other  chlorine  com¬ 
pounds.  The  time  of  making  a  combustion  was  about  an 
hour  and  a  quarter;  fifteen  to  twenty  minutes  being  taken 
to  heat  the  oxide  of  copper,  about  half  an  hour  for  the 
burning,  and  twenty-five  to  thirty  minutesfortheair  aspira- 


Ct^SS^}  International  Standards  for  the  Analysis  of  Iron  and  Steel.  219 


tion.  Blair’s  apparatus  is  substantially  the  same  as  the 
above.  His  purifying  train  following  the  combustion  tube 
contains  a  tube  of  anhydrous  sulphate  of  copper  on 
pumice  stone.  This  tube  is  always  freshly  filled. 

Shimer’s  apparatus  is  a  porcelain  tube  containing  oxide 
of  copper.  A  stream  of  purified  oxygen  is  used.  An 
anhydrous  copper  sulphate  absorbing  tube  is  employed, 
and  then  the  customary  CaCl2KHO  and  CaCl2  absorbents. 

Preliminary  Results  of  Oxygen  Combustion. 

In  the  following  analysis,  a  solution  of  double  chloride 
of  copper  and  ammonium,  except  where  otherwise  noted, 
was  used  as  the  solvent  of  the  steel.  The  carbon  sponge 
was  washed  with  dilute  HC1  and  water  till  the  filtrate 
was  free  from  chlorine,  then  the  asbestos  with  adhering 
carbon  was  put  into  the  combustion  tube.  These  deter¬ 
minations  were  made  before  the  elements  of  uncertainty 
attaching  to  the  use  of  double  chloride  were  discovered, 
and  it  will  be  seen  in  the  latter  part  of  this  paper,  that 
quite  different  numbers  can  be  obtained. 

Under  date  of  April  22nd,  1890,  Dudley  reports  :  Exp. 
Standard,  Ingot,  contains: — 

Carbon .  1-058  per  cent. 

. 1-065  „ 

(J  .  II 

,,  I-058  ,, 


Average  . . 
Ditto  hammered  standard  : — 
Carbon . . 


1-058  per  cent. 


1-050  per  cent. 
1-051  „ 

1-051  .. 

1-060  ,, 

1-050  ,, 

1-056  1, 

1-056  ,, 


Average  ..  1-053  per  cent. 

Under  date  of  April  5th,  1890,  Blair  reports,  that  using 
double  chloride  of  copper  and  ammonium,  with  enough 
ammonia  added  to  produce  a  slight  cloud,  and  re-dissolving 
the  basic  salts  formed  in  acidulated  double  chloride,  he 


obtains : — 

Ingot. 

Hammered. 

Carbon 

..  1-016 

1-022  per  cer 

>» 

-.  1013 

1-020  ,, 

..  1-015 

1-025  11 

>) 

..  I-OTO 

1-022  ,, 

He  then  weighed  out  four  portions  of  the  “ingot” 
sample,  and  added  to  each  200  c.c.  double  chloride  of 
copper  and  ammonium,  after  adding  to  each  the  following 
amounts  of  strong  HC1 : — 

HC1.  Carbon. 


10  C.C 
20  „ 
30  II 
4°  » 


1-048  per  cent. 
1-048  ,, 

1-048  „ 

1-051  „ 


He  then  took  four  portions  of  the  “  hammered  ”  sample, 
and  treated  them  each  with  200  c.c.  of  double  chloride 
and  20  c.c.  HC1.  Results  : — 


Carbon . 1-046  per  cent. 

„  1-046  „ 

. . 

„  ..  ..  ..  1-049 

Showing  that  the  addition  of  HC1  in  excess  of  five  per 

cent  does  not  sensibly  vary  the  results. 

A  combustion  of  sugar  at  the  same  time  showed 


Carbon . 42-05  per  cent. 

ii  . 42,I4  11 

Theory . 42-11  ,, 


In  answer  to  the  suggestion  that  possibly  oxides  of 
nitrogen  might  be  derived  from  the  breaking  up  of  am¬ 


monia  retained  by  the  carbon  sponge,  Blair  reports,  under 
date  of  April  17th,  that  he  has  made  four  combustions  on 
the  “  ingot  ”  sample,  using  a  four  times  re-crystallised 
double  chloride  of  copper  and  potassium. 

No.  1,  Carbon  ..  ..  roio  per  cent. 

,,2,  ,,  . .  . .  1-044  n 

11  3i  11  ••  ••  I'0I2  ,, 

4>  n  •  •  •  •  1  022  j) 

No.  1  was  dissolved  in  the  filtered  solution  of  the  above 
double  chloride. 

No.  2  was  dissolved  in  200  c.c.  double  chloride,  with 
200  c.c.  strong  HC1. 

Nos.  3  and  4  were  dissolved  in  the  filtered  double 
chloride,  to  which  enough  potassic  hydrate  had  been 
added  to  produce  a  slight  permanent  precipitate. 

Blair  offers  the  hypothesis  that  a  stridtly  neutral  or 
slightly  alkaline  double  chloride  dissolves  a  small  portion 
of  the  carbonaceous  matter,  which  is  consequently  lost  so 
far  as  the  combustion  is  concerned.  Therefore,  the 
addition  of  acid,  by  preventing  this  a&ion  of  the  liquid  on 
the  carbon  sponge,  will  give  higher  and  more  nearly  ac¬ 
curate  results. 

That  the  use  of  an  acid  double  chloride  solution  gives 
higher  results  was  promptly  verified  by  Dudley  and 
Langley.  This  subjedt  is  more  fully  discussed  in  the 
latter  portion  of  this  paper. 

Shimer  reports,  April  25th,  that  by  using  4  grms.  of 
steel  in  a  neutral  solution  of  double  chloride  of  copper  and 
ammonium,  he  obtains  : — 

“  Ingot,”  average  of  two  combustions,  1-055  Per  cent. 

“  Hammered,”  average  of  two  combustions,  1-052  per 
cent. 

The  Wet  Method. 

The  chromic  acid  combustion  was  conduced  in  an 
apparatus  originally  designed  by  Dr.  Hermann  Wedding, 
although  the  method  of  absorption  used  by  him  has  been 
radically  modified.  Wedding’s  design  consists  of  a  flask 
capable  of  holding  220  c.c.,  and  provided  with  a  glass  cap 
of  two  tubulures ;  through  one  of  these  passes  a  funnel 
tube  with  stop-cock,  and  through  the  other  the  delivery 
tube  surrounded  by  a  water  jacket.  All  the  joints  are  of 
ground  glass. 

The  merit  of  this  apparatus  is  its  compactness  and  its 
freedom  from  rubber  or  cork  joints,  at  least  in  the  parts 
liable  to  come  in  contadt  with  chromic  acid.  The  absorp¬ 
tion  train,  which  is  wholly  different  from  Wedding’s, 
consists  of : — 

1st.  A  tube  filled  with  pumice  stone  and  anhydrous  sul¬ 
phate  of  copper. 

2nd.  A  small  washing  bottle  containing  the  “pyro” 
solution  referred  to  later  on. 

3rd.  A  solution  of  sulphate  of  silver. 

4th.  A  wash  bottle  of  strong  sulphuric  acid. 

5th.  A  chloride  of  calcium  tube,  having  a  small  plug  of 
moist  cotton  in  its  anterior  end. 

6th.  A  Liebig  tube,  containing  potassic  hydrate  solution: 

7th.  A  U-tube,  having  solid  potassic  hydrate  in  its 
anterior  limb  and  granulated  calcium  chloride  in  the 
posterior  one. 

8th.  A  chloride  of  calcium  guard  tube. 

gth.  An  aspirator  filled  with  water. 

The  absorption  portion  for  C02  is  constituted  by  Nos.  6 
and  7.  The  other  parts,  except  Nos.  2  and  3,  need  no 
explanation,  since  they  are  well  known  adjuncts  of  the 
chromic  acid  method  described  in  such  treatises  on 
analysis  as  those  of  Fresenius  and  of  Blair. 

The  method  of  conducing  a  combustion  is  to  place  the 
carbon,  which  has  been  liberated  from  3  grms.  of  steel  by 
the  a&ion  of  150  c.c.  of  solution  of  double  chloride  of 
copper  and  ammonium,  to  which  10  c.c.  of  HC1  has  been 
added,  into  the  flask,  and  run  in  through  the  funnel  tube 
100  c.c.  of  a  solution  made  by  dissolving  10-5  grms.  C03, 
66  c.c.  H20  in  210  c.c.  strong  H2S04.  Purified  air  is 
drawn  through  at  the  end  of  the  combustion. 

The  train  at  first  used  did  not  contain  the  “  pyro  ”  tube 
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No.  2 ;  under  these  conditions  the  following  numbers 
were  obtained  from  the  exp.  ingot  standard : — 

Carbon . rogg 

. . . 

«>  .  i '040 

„  . 1 '058 

. . i-iog 

A  search  was  instituted  to  find  the  cause  of  these  dis¬ 
cordant  results.  It  is  well  known  that  the  carbon  sponge 
from  the  adtion  of  the  double  chloride  retains  chlorine  or 
hydrochloric  acid  in  a  form  not  removable  by  washing; 
suspicion  at  once  fell  upon  the  HC1  known  to  be  evolved 
from  the  carbon  sponge. 

A  series  of  blank  combustions  were  made,  and  also 
mixtures  of  air  and  HC1  were  drawn  through  the  absorp¬ 
tion  train.  It  was  found  that  the  anhydrous  CuS04  would 
only  stop  HC1  when  it  was  perfedlly  fresh  and  in  relatively 
large  quantity,  a  quite  small  degree  of  hydration  impair¬ 
ing  its  absorbing  powers  seriously.  A  tube  containing  an 
aqueous  solution  of  sulphate  of  silver  was  then  added  to 
the  CuS04  tube,  with  the  result  that  vapours  of  HC1  are 
perfectly  and  completely  arrested.  When  this  point  was 
established  blank  combustions  were  made  and  small 
quantities  of  chlorides  introduced  into  the  chromic  acid 
mixture;  it  was  invariably  found  that  the  potash  bulbs 
gained  in  weight.  As  one  example  out  of  many  the 
following  is  quoted  : — 

One  tenth  grm.  of  NaCl  in  generating  flask.  CuS04  and 
Ag2S04  absorbents  were  interposed.  The  silver  solution 
showed  not  a  trace  of  chloride,  and  yet  the  potash  train 
gained  0*0055  grm. 

This  gain  appears  to  be  owing  to  chloro-chromic 
anhydride,  or  to  oxides  of  chlorine,  not  absorbable  by 
copper  or  silver  sulphates. 

This  observation  is  not  new,  for  it  has  previously  been 
noted  by  other  chemists  that  chloro-chromic  anhydride 
was  not  arrested  by  copper  sulphate. 

After  a  long  series  of  experiments  an  absorbent  for  these 
bodies  has  been  found  in  the  following  solution  : — 


Pyrogallic  acid .  0*2  grm. 

Potassic  oxalate .  5*0  ,, 

Sodic  chloride  .  3-0  „ 

Sulphuric  acid  .  0-2  ,, 

Water  to  make  up  to  . .  . .  20*0  c.c. 


The  theory  of  the  adtion  of  this  mixture  is  as  follows : — 
The  pyrogallic  and  oxalic  acids  are  deoxidants.  The 
sulphuric  acid  will  form  potassic  sulphate,  liberating  a  very 
little  free  oxalic  acid  to  guard  against  the  solution  becom¬ 
ing  alkaline.  The  sodium  chloiide  is  not  essential,  but 
it  is  advantageous  by  diminishing  the  solubility  of  C02  in 
the  liquid. 

The  adtion  of  this  absorbent  is  very  energetic.  It  will 
allow  HC1  to  pass  through  it  without  change,  but  the 
smallest  traces  of  free  chlorine,  or  of  oxides  of  chlorine,  or 
of  chloro-chromic  anhydride,  at  once  turn  the  solution 
brown,  and  are  either  arrested  or  changed  into  HC1. 
Indeed,  as  a  qualitative  reagent  this  liquid  will  approxi¬ 
mate  to  iodised  starch  paper. 

In  using  this  in  the  absorbing  train,  the  copper  sulphate 
tube  may  be  dispensed  with,  the  pyrogallic  liquid  being 
used  in  its  place,  and  followed  by  a  sulphate  of  silver  tube, 
so  that  the  train  between  the  generating  flask  and  the 
potash  bulbs  will  contain:— (1)  a  cooling  tube  5^  (2)  the 
“  pyro  ”  ;  (3)  the  sulphate  of  silver  ;  (4)  sulphuric  a\id  ;  (5) 
chloride  of  calcium.  \ 

Blank  “  combustions  ”  were  made  as  before  with  NsjCl, 
using  the  Pyro  train  till  it  was  proved  that  there  was  tio 
systematic  gain  in  weight  of  the  potash  bulbs. 

As  examples  of  carbon  oxidation  in  presence  of  chlorides 
— Taken  o’07i2  grm.  sugar  with  a  crystal  of  NaCl. 
Found  0*1098  grm.  C02.  Theory  o*iio  grm.  Taken 
0-030  grm.  Ceylon  graphite,  of  about  3  per  cent  ash. 
Found  0*0292  carbon,  equal  to  973  per  cent  carbon. 


The  following  analyses  were  then  made,  using  the  new 
train  : — 

Exp.  standard,  hammered,  1*075  per  cent  C. 

M  11  11  I'070  ,, 

„  „  ingot,  1*041  „ 

11  n  u  I'°34  it 

It  seemed  possible  that  the  carbon  sponge  left  on  the 
asbestos,  after  filtering  from  the  double  chloride  solution, 
might  suffer  a  slight  oxidation  and  loss  of  carbon  while 
drying.  A  set  of  duplicate  analyses  were  therefore  made 
on  a  variety  of  steels.  The  terms  wet  and  dry,  below, 
refer  to  the  state  of  the  carbon  sponge  when  introduced 
into  the  chromic  acid  flask.  The  drying  was  performed 
at  a  temperature  not  above  ioo°  C. 


Wet. 

Dry. 

Steel  A 

o*g8t 

0*936  per  cent  C 

.1  B 

0*836 

0*813 

c 

o*go4 

0891  „ 

D 

i’°54 

1-073 

,,  E 

1*145 

i-i54 

F 

i*og5 

x*io8  ,, 

„  G 

1*027 

o*g68  ,, 

Pig 

3 '695 

3"722  .) 

Totals, 

10*737 

10-665  11 

Average, 

1  '342 

1-333 

These  determinations  were  made  before  the  discovery  of 
the  variability  of  adtion  of  double  chloride  with  age  and 
manner  of  crystallising,  to  be  pointed  out  hereafter. 
Moreover,  they  were  distributed  over  a  period  of  three 
months,  so  that  some  of  the  differences  may  be  properly 
attributed  to  the  chlorides  used.  Still,  these  would  pretty 
well  neutralise  each  other  in  sixteen  determinations,  so 
that  the  pradiical  identity  of  the  final  averages  would 
appear  to  show  that  the  sponges  do  not  lose  appreciable 
amounts  of  carbon  by  drying. 

On  the  other  hand,  the  “  hammered  ”  standard,  similarly 
treated,  but  having  the  sponge  dried  in  an  air-bath  at  a 
temperature  not  exceeding  120°  C.,  gave — 


Wet. 

Dry. 

Carbon  . . 

1-027 

»  •  •  •  • 

1*023 

J>  •  •  •  • 

1*018 

>»  •  •  •  • 

..  ..  1*045 

1032 

Average 

..  ..  1*058 

1*025 

Apparently,  therefore,  there  is  a  loss  of  carbon  by 
drying  the  sponge  at  temperatures  above  ioo°  C.  The 
same  double  chloride,  acidulated,  was  used  in  these  eight 
determinations. 

(To  be  continued). 


PHOSPHORUS  IN  PIG-IRON,  STEEL,  AND 
IRON  ORE.* 

By  CLEMENS  JONES,  Hokendauqua,  Pa. 

The  analytical  history  of  phosphorus  in  its  relation  to  the 
metallurgy  of  iron  is  an  interesting  study,  the  progress  of 
which  runs  parallel  with  the  development  of  the  greatest 
industry  in  the  world.  Without  the  means  of  finding  out 
how  much  phosphorus  crude  pig-iron  contained,  the 
Bessemer  steel  process  would  have  been  impossible.  To 
do  this  was  originally  tedious  and  slow  work  ;  on  the 
other  hand,  the  “  diredt  ”  process  of  to-day,  as  well  as 
the  various  special  processes  for  steel  or  iron,  have 
demanded  the  utmost  rapidity  in  the  operations  of  analy¬ 
tical  chemistry. 

In  general,  any  rapid  process  for  the  conversion  of  un- 
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refined  metal  into  a  produd  of  standard  composition 
depends  upon  the  rapidity  of  some  accurate  means  em¬ 
ployed  to  control  it.  Moreover,  in  our  modern  practice, 
it  is  not  improbable  that  the  differences  in  physical  pro¬ 
perties  among  the  various  makes  of  iron  or  steel  are 
affeded,  if  not  produced,  by  the  use  of  different  methods 
of  analysis. 

Recourse  is  always  had  for  corredion  to  the  “  standard 
methods,”  but  I  incline  to  think  that  these  methods  are 
susceptible  to  error.  It  is  very  certain  that  the  system  of 
duplicates  would  not  be  resorted  to  if  the  fad  were  other¬ 
wise.  Even  when  duplicated,  under  the  most  careful  and 
skilful  manipulation,  these  standard  methods  produce 
disagreements.  In  proot  of  statements  like  these,  which 
may  sound  heretical,  I  hope,  further  on,  to  cite  some 
evidence  worthy  of  attention.  I  do  not  now  mean  to  lay 
claim  to  the  distinction  of  discovering  the  ultimate  correc¬ 
tive.  That  result  will  come,  no  doubt,  in  time,  as  the 
product  of  the  experience  of  many  workers. 

In  the  case  of  phosphorus,  as  of  the  other  ingredients  of 
iron  or  steel,  a  great  deal  has  beer  done  to  accommodate 
the  methods  of  analysis  in  vogue  to  the  growing  necessity 
for  more  rapid  procedures.  Much  of  this  work  has  con¬ 
cerned  what  might  be  called  the  incidents  of  method. 
There  is  no  better  example  of  the  accumulation  of  these 
incidental  improvements  than  the  work  done  on  phos¬ 
phorus ;  and  I  believe  that  the  final  successful  outcome 
of  such  progressive  changes  will  be  properly  considered 
the  standard  method. 

The  ideal  analysis,  both  for  refined  conditions  and  deli¬ 
cate  determinations,  is  to  be  found  in  nearly  all  instances 
in  a  volumetric  method.  But  in  the  preparatory  stages 
the  treatment  by  this  standard  method  must  consist  of 
visible  reactions. 

I  have  classified  what  appear  to  be  the  salient  features 
already  embodied  separately  in  the  different  methods; 
and  when  so  related,  they  apparently  fulfil  the  conditions 
and  the  object  that  each  has  had  in  view. 

The  method  of  Mr.  F.  A.  Emmerton  [Trans.,  xv.,  93), 
is  the  real  beginning  of  this  progressive  series.  As  re¬ 
commended,  certain  objections  were  found  to  it.  The 
first  of  these  was  in  the  use  of  dilute  nitric  acid  as  a  wash 
for  the  yellow  precipitate.  Acid  ammonic  nitrate,  as 
suggested  by  Dr.  Drown,  was  then  substituted  with  only 
partial  success.  The  presence  of  nitric  acid  in  the  final 
solution  reduced  for  titration  seriously  interfered  with 
accurate  work.  I  communicated  this  fad  to  Mr.  A.  L. 
Colby,  chemist  to  the  Bethlehem  Iron  Co.,  who  at  the 
time  was  also  experimenting.  His  conclusion,  reached  by 
careful  examination  through  it,  pointed  out  the  remedy. 
I  quote  from  Mr.  Colby’s  notes,  kindly  placed  at  my 
disposal : — 

Notes  on  Emmerton’s  Method  for  Phosphorus, 
October,  1887. 

Blank  Phosphorus  Determination. — A  clean  dry  16  oz. 
Erlenmeyer  flask  was  washed  twice  with  am.  nitrate  wash 
(NH4NO3,  200  grms. ;  HN03  cone.,  30  c.c.  ;  H20,  2000 
c.c.),  pouring  it  on  a  filter,  and  draining  the  flask  as  much 
as  possible  each  time  ;  the  paper  was  then  washed  twice 
with  the  wash  and  sucked  dry  ;  the  stem  of  the  funnel 
was  rinsed  off  on  the  outside  with  water,  and  the  funnel 
placed  in  the  flask;  paper  pundured  with  platinum  rod, 
and  washed  with  dilute  NH4OH  (1  :  4),  about  30  c.c.  being 
used  ;  5  grms.  granulated  zinc  was  added  to  the  contents 
of  the  riask,  and  80  to  90  c.c.  H2S04  of  the  dilution,  150 
H2S04 :  420  H20).  A  small  funnel  was  put  in  the  top  of 
the  flask,  which  was  then  heated  till  nearly  all  the  zinc 
was  dissolved.  The  reduced  solution  was  then  filtered  ; 
flask,  funnel,  and  paper  were  thoroughly  washed  with  hot 
water,  and  the  solution  was  titrated  with  KMn04  at 
once. 

A  permanent  tint  was  not  obtained  until  12  c.c.  of 
KMn04  had  been  used.  (As  x  c.c.  of  KMn04  =  0*000106 
grms.  P.,  this  is  equivalent  to  an  error,  in  analysing  an 
ore  where  8  grms.  are  taken,  of  0*016  per  cent.,  and  for  a 


steel  or  iron  where  4  grms.  are  taken,  of  0*032  per  cent 
P.). 

Above  blank  test,  using  as  a  wash  HN03  (1  :  25). 
Permanent  tint  at  8*5  c.c.  of  KMn04. 

Above  blank  test,  using  as  a  wash  HN03  (1  ;  50,  which 
Emmerton  recommends;.  Permanent  tint  at  32  c.c.  of 
KMn04. 

Above  blank  test,  using  as  a  wash  H2S04  (1 : 50).  Per¬ 
manent  tint  at  o*45  c.c.  KMn04. 

Above  blank  test,  using  as  a  wash  (NH4)2S04,  made  up 
as  follows  :  (NH4)2S04,  crystals,  25  grms.;  H2S04,  cone., 
50  c.c.  ;  H20,  2500  c.c. 

Permanent  tint  at  0*45  c.c.  of  KMn04. 

Zinc  5  grms.  and  H2S04  (90  c.c.),  placed  diredly  in  a 
dry,  clean  flask,  reduced  as  usual,  filtered,  washed  and 
titrated.  Permanent  tint  at  0*45  c.c.  of  KMn04. 

To  ascertain  if  yellow  precipitate  is  soluble  in  H2S04, 
or  in  (NH4)2S04  wash,  which  would  prevent  its  use  as  a 
substitute  for  NH4N03  wash.  Selected  crystals  of 
Na2HP0^,i2H20,  containing  by  theory  8*6572  per  cent  P, 
were  dissolved,  1*5408  grms.  in  500  c.c.  Distilled  water, 
and  the  following  tests  were  made  : — (See  Table,  next 
page). 

As  the  blanks  run  both  with  H2S04  wash  (1  :  50)  and 
with  (NH4)2S04  wash  used  up  0*45  c.c.  KMn04  instead 
of  0*5  c.c.,  as  subtraded  above,  analyses  Nos.  4,  10,  and  11 
should  show  8*685  per  cent  instead  of  8*668  P. 

The  above  analyses,  using  10  c.c.,  were  made  on  too 
small  a  quantity  of  Na2HP04.  Small  variations  in 
KMn04  make  too  large  differences  in  per  cent  of  P,  0*5 
c.c.,  or  one  drop  of  KMn04,  being  equal  to  0*007  Per 
cent  P. 

But  the  set  of  analyses  shows  that  even  strong  H2S04 
(1  :  5)  exercises  no  appreciable  solvent  adion  on  yellow 
precipitate,  and  that  (NH4)2S04  wash  is  rather  better  in 
agreement  than  H2S04  (1  :  50). 

As  an  example  of  the  possibilities  of  the  method  when 
using  the  (NH4)2S04  wash  for  determination  of  small 
amounts  of  P,  a  solution  of  C.P.  Fe2Cln  was  tested.  Of  this 
solution,  which  had  been  prepared  from  the  filtrate  from  P 
determinations  in  pig-iron,  by  precipitation  with  NH4OH, 
thorough  washing,  and  solution  in  HC1,  25  c.c.,  containing 
about  2*5  grms.  Fe,  were  precipitated  for  P  as  usual ;  the 
cloud  ot  yellow  precipitate  was  filtered  off,  washed  with 
H2S04  (i  :5o),  dissolved,  reduced,  Sec.,  as  usual,  titration 
giving  only  0*75  c.c.  KMn04,  which  after  zinc  corredion 
of  0*5  c.c.,  equalled  o*ooi  per  cent  phosphorus— a  result 
not  obtainable  when  using  NH4N03  wash. 

In  addition  the  following  test  of  ores  were  made,  using 
(NH4)2S04  wash  for  the  volumetric  determinations,  and 
washing  four  times  on  the  paper  (instead  of  twice,  to  test 
the  solvent  adion,  if  any),  and  twice  in  flask. 

Sept.  23. — Filtration  by  suction,  taking  the  usual  pre¬ 
caution  of  draining  flasks  and  funnels,  and  washing  stem 
of  funnel. 

10  grms.  of  ore  dissolved;  jP0°0  taken  for  phosphorus. 

P  per  cent. 

No.  1524  20*9  c.c.  KMn04  =  0*027  )  After  deducting 

„  1525  14  8  c.c.  ,,  =  o*o2o  >  0*5  c.c.,  cor- 

,,  1526  7*6  c.c.  .,  =  0*0x0  )  redion  for  Zn. 

Sept.  28. — Gravimetric  determination  on  10  grms.  ore, 
taken  for  phosphorus,  using  NH4N03  wash,  twice  in 
lunnel  and  twice  in  flask — other  conditions  as  before,  but 
making  two  precipitations  of  NH4MgP04  before  weighing 
as  Mg2P207. 

Mg2P207.  P  per  cent. 

No.  1524 .  0*0079  =  0*025 

,,  1525 .  0*0062  =  0*022 

,,  1526 .  0*0026  =  0*009 

Mr.  Colby’s  notes  close  with  some  additional  tests  which 
confirm  the  foregoing. 

Concerning  the  use  of  acid  ammonic  sulphate,  it  is  in- 
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Tests  with  Various  Wash-Waters. 


Date. 

Test 

Wash-water  used  on  yellow 

Na2HP04  solu-  K  Mn04 

Correftion 

Phosphorus 

1887. 

No. 

precipitate. 

tion  taken,  c.c.  used,c.c. 

for  zinc. 

per  cent. 

Sept. 

20 

I 

Ammon,  nitrate  . 

10  27-4 

°'5 

9-252 

if 

20 

2 

if  . 

IO  267 

o*5 

g-oi2 

a 

20 

3 

Ammon,  nitrate,  and  then  washed 

twice  with  water  to  remove  NH4N03 

10  25-8 

o*5 

8-702 

if 

21 

4 

H2S04(i:5)  . 

IO  257 

0*5 

8-668 

Zinc  ran  thro’. 

21 

5 

it  •  •  •  •  •  •  •  •  •  • 

10  253 

o*5 

8-530 

a 

20 

6 

H2S04  (1:50)  . 

25  64-6 

o*5 

8-8195 

a 

20 

7 

If  . 

25  64-6 

o'5 

8-8195 

a 

21 

8 

If  .  ••  •• 

IO  25’0 

0-5 

8-42 

a 

21 

9 

>>  .  •  •  •  • 

10  24-9 

o*5 

8-39 

a 

21 

10 

(NH4)2  so4  . 

10  257 

°*5 

8-668 

a 

21 

11 

if  ••  ••  . . 

10  257 

0-5 

8-668 

teresting  to  note  that  nearly  a  year  later  Mr.  Porter  W. 
Shimer,  in  a  paper  before  the  Institute  (Trans.,  xvii.,  100), 
observes  :  “  Sulphuric  acid  and  ammonium  sulphate  com¬ 
pletely  take  the  place  of  nitric  acid  and  ammonium 
nitrate.” 

In  the  same  paper  Mr.  Shimer  describes  the  use  of 
potassium  permanganate  as  an  oxidising  agent.  This 
appears  to  be  the  next  important  detail.  By  means  of  it 
the  complete  oxidation  of  the  phosphorus  to  ortho-phos¬ 
phoric  acid,  as  Dr.  Drown  puts  it,  is  accomplished.  This 
is  indispensable,  and  cannot  be  omitted  in  the  solution  of 
pig-iron,  steel,  or  iron-ore. 

Dr.  Drown’s  method  (Trans.,  xviii.)  of  dissolving  pig- 
iron  or  steel  in  nitric  acid  of  1-135  specific  gravity,  in 
which  potassium  permanganate,  as  suggested  by  Mr. 
Shimer,  is  used  as  an  oxidising  agent,  is  a  most  happy 
expedient.  It  opens  the  way  to  the  most  rapid  method  in 
use.  There  is  no  ground  to  doubt  its  efficacy,  if  applied 
to  iron  ore,  by  taking  advantage  of  a  simple  device, 
namely,  solution  in  dilute  sulphuric  acid  of  the  (used 
residue  from  the  ore.  According  to  Dr.  Drown,  silicon 
exerts  no  influence  on  the  determination  of  phosphorus  in 
pig-iron  or  steel.  As  a  soluble  silicate  there  is  good 
evidence  of  its  non-interference  in  the  treatment  of  iron 
ore.  A  determination  in  iron  ore  can  thus  be  made  in 
nearly  the  same  time  as  in  iron  or  steel. 

Here,  then,  seem  to  be  collected  nearly  all  of  the 
requisite  conditions.  There  is  but  one  remaining— the 
reduction  of  the  molybdic  acid.  I  believe  that  this  is 
fully  covered  by  using  the  method  discovered  by  me  for 
reducing  ferric  solutions  (Trans.,  xvii.,  4x1).  I  have  found 
that  it  applies  in  all  respeCts  equally  well  to  the  complete 
and  instantaneous  reduction  of  molybdic  acid. 

It  is  possible  then  to  reconstruct  a  method,  based  on 
these  incidents,  which  should  be  peculiarly  adapted  to 
every  demand  for  the  rapid  and  accurate  determination  of 
phosphorus. 

Before  advancing  so  far,  however,  I  propose  to  show 
with  what  degree  of  accuracy  these  principles  may  be 
employed,  by  giving  the  following  results.  These  were 
obtained  by  the  Emmerton  method,  modified  by  the  use 
of  ammonic  sulphate  in  washing  the  yellow  precipitate, 
and  by  the  use  of  the  redudtor. 


The  following  comparison  is  between  this  method  (called 
“  Redudtor  ”)  applied  to  iron  ore,  and  the  Emmerton 
method  of  adding  the  zinc  direCtly. 


No.  4260. 


Weight  taken. 

KMnO*. 

Phosphorus. 

grms. 

c.c. 

Per  cent. 

A 

1-9700  Emmerton 

16-9  — 0-2 

O-IOI 

B 

2-6078  ,, 

200  — 0"2 

O-ogi 

C 

2-8800  Redudtor 

22-15 — 005 

0-092 

D 

3-0760  „ 

23-81 — 0-05 

0-092 

No.  4261. 

Weight  taken. 

KMn04, 

Phosphorus. 

grms. 

c.c, 

Per  cent. 

A 

1-6901  Emmerton 

30-01 — 0-2 

0-212 

B 

i-9439 

34’5  —0-2 

0-211 

C 

1-99x5  Redudtor 

36-9  —0-05 

0-222 

D 

1-9982 

37'X  —0-05 

0-222 

In  the  series  following,  carried  through  like  the  fore¬ 
going,  potassium  permanganate  was  used  to  oxidise  the 
solutions.  This  was  done  carefully  before  adding  the 
ammonia.  The  improvement  is  marked. 


No.  3681. — Pig-Iron. 

Weight. 

KMnO,.  Correftion. 

Phosphorus. 

Grms. 

c.c.  c.c. 

Per  cent. 

0-5025 

2-83  0-05 

o-o66 

0-5030 

272  0-05 

0-063 

Determination  by  Mr.  Shimer, 

by  his  Mb-Mg  method 

0-064 

The  small  amount  of  the  sample  necessitated  the  low 

weights,  which 

in  that  measure  affedted 

the  determina- 

tion. 

No.  3680. — Pig-Iron. 

Weight; 

KMn04*  Correftion. 

Phosphorus. 

Grm. 

c.c.  c.c. 

Per  cent. 

0-5000 

26-39  0-05 

0-6321 

0-5000 

264  0-05 

0-6324 

Determination  by  Mr.  Shimer, 

by  his  Mb-Mg  method 

0-615 

No.  3682. — Pig-Iron. 


Weight. 

No.  3588.— 
KMn04. 

-Pig-Iron. 

Correction. 

Phosphorus. 

Weight.  KMnO„. 

Grms.  c.c. 

Correftion 

c.c. 

Phosphoru 
Per  cent. 

grm. 

c 

c.c. 

Per  cent. 

0-2500  23-21 

0-05 

I-III 

q 

-n 

O 

O 

O 

18-67 

0-03 

O-447 

0-2500  23.21 

0-05 

I-III 

0-5000 

18-52 

0-03 

0'443 

Determination  by  Mr 

Shimer,  by 

i  c.c.  KMn04 

=  0-00012  P. 

his  “  sulphuric  acid 

”  method 

I-07 

No.  3980 

Phosphorus. 
Per  cent. 

No.  i,  gravimetric  ..  ..  ».  ..  0717 

No.  2,  volumetric  .  0720 


The  conclusion  to  be  drawn  is  not  that  the  direct  use 
of  zinc  always  gives  uniformly  low  results  (by  reason  of 
the  higher  correction),  but  that  the  same  errors  are  intro¬ 
duced,  as  I  have  pointed  out  in  the  case  of  the  reduction 
of  ferric  solutions. 

(To  be  continued) 
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ON  THE 

VARIATION  OF  THE  DENSITY  WITH 
THE  CONCENTRATION  OF  WEAK  AQUEOUS 
SOLUTIONS  OF  CERTAIN  SALTS* 

By  Prof.  J.  G.  MacGREGOR,  D.Sc. 


In  a  paper  on  “  The  Density  of  Weak  Aqueous  Solutions 
of  Certain  Salts,”*  which  I  had  the  honour  of  laying  be¬ 
fore  the  Royal  Society  of  Canada  in  1885,  I  pointed  out, 
as  an  incidental  result,  that  in  the  case  of  zinc  and  mag¬ 
nesium  sulphates,  the  increase  in  density  produced  by 
adding  the  anhydrous  salt  to  water  was  proportional,  or 
very  nearly  proportional,  to  the  amount  of  salt  added, 
provided  the  solutions  thus  formed  did  not  contain  more 
than  about  2  or  1  per  cent  respectively  of  salt.  I  have 
recently  had  occasion  to  make  a  number  of  determinations 
of  the  concentration  and  density  of  dilute  solutions  of  the 
above  salts  and  of  several  others,  and  to  hunt  out  similar 
determinations  by  other  observers  ;  and  the  data  thus  ob¬ 
tained  enable  me  to  settle,  in  the  case  of  a  number  of 
salts,  the  limits  of  concentration  within  which  this  simple 
proportionality  holds. 

The  solutions  which  I  examined  myself  were  made  by 
mixing  weighed  quantities  of  the  crystallised  salt  with 
weighed  quantities  of  water.  The  salts  had  been  pur¬ 
chased  as  pure,  and  had  been  re-purified  by  crystallisation. 
The  water  had  been  carefully  distilled.  In  the  case  of 
iron  sulphate  solutions  it  was  boiled  in  order  that  the 
solutions  employed  might  contain  but  little  dissolved  air. 

In  all  cases  at  least  two  solutions  of  any  one  salt  were 
prepared  by  mixing  weighed  quantities  of  the  salt  and  of 
water.  Usually  the  other  solutions  required  were  pre¬ 
pared  by  diluting  one  of  these  with  water,  or  strengthening 
it  by  adding  salt.  In  the  case  of  iron  sulphate,  all  the 
solutions  used  were  prepared  by  mixing  salt  and  water 
direddy,  this  course  being  pursued  in  the  case  of  this  salt, 
because  of  the  fad  of  its  undergoing  progressive  decom¬ 
position  after  being  dissolved  in  water,  and  of  the  conse¬ 
quent  necessity  of  determining  the  density  of  a  solution 
as  soon  as  possible  after  the  solution  had  been  formed. 

In  preparing  the  solutions,  all  determinations  of  mass 
were  made  by  the  method  of  double  weighing,  and  all 
weighings  were  made  in  stoppered  bottles.  The  weighings 
were  of  course  reduced  to  vacuo.  The  errors  of  the 
standards  employed  were  negleded.  The  balance  used 
was  a  delicate  one  made  by  Coliot,  of  Paris.  In  calcula¬ 
ting  the  percentage  of  anhydrous  salt  in  the  various  solu¬ 
tions,  the  values  of  the  atomic  weights  given  in  Clarke’s 
“  Constants  of  Nature”  were  employed. 

Densities  were  in  all  cases  determined  by  means  of  a 
specific  gravity  bottle,  a  The  bottle  used  had  a  volume  of 
about  50  c.c.  It  was  of  thin  glass,  but  was  not  so  thin  as 
to  be  readily  deformable,  and  was  provided  with  an 
accurately  ground  perforated  glass  stopper.  All  deter¬ 
minations  of  density  were  made  at  20°  C.  A  bottle  con¬ 
taining  the  solution  and  a  thermometer  was  placed  along 
with  the  specific  gravity  bottle  in  a  bath  slightly  above 
20°  C.  When  the  solution  had  taken  the  temperature  of 
200  it  was  at  once  poured  into  the  specific  gravity  bottle, 
and  the  latter  stoppered,  dried,  and  weighed.  The  ther¬ 
mometer  used  had  been  provided  with  a  table  of 
corrections  at  Kew.  Weighings  for  the  determination  of 
density  were  made  in  one  pan  only  (always,  of  course,  the 
same  pan),  the  double  weighings  for  the  determination  of 
mass  having  shown  that  the  ratio  of  the  lengths  of  the 
arms  of  the  balance  was  practically  constant.  In  calcu¬ 
lating  the  densities  from  the  observations,  the  usual 
corrections  were  applied. 

In  using  the  determinations  of  other  observers,  I  found 
that  in  many  cases  they  had  not  stated  whether  their 
published  percentages  were  percentages  of  anhydrous  or 
of  crystallised  salt  in  solution,  and  that  in  many  cases 


also  they  had  omitted  to  state  whether  their  specific 
gravities  were  referred  to  water  at  the  same  temperature 
as  the  solution,  or  to  water  at  some  other  temperature  as 
o°  C.  or  40  C.  In  the  former  cases,  however,  comparison 
of  the  observations  of  different  men  usually  showed 
whether  anhydrous  or  crystallised  salt  was  meant.  In 
the  latter  it  was  often  possible,  especially  when  several 
observations  of  dilute  solutions  were  given,  to  determine 
the  temperature  of  the  water  which  was  taken  as  the 
standard  substance  by  plotting  a  curve  of  concentrations 
against  specific  gravities,  and  noting  the  point  of  its  inter¬ 
section  with  the  axis  of  specific  gravities. 

In  the  case  of  all  salts  for  which  the  densities  of 
sufficiently  dilute  solutions  have  been  determined,  either 
by  myself  or  by  other  observers,  I  find  that  up  to  certain 
concentrations,  varying  from  1  to  5  per  cent  of  anhydrous 
salt  in  solution,  the  excess  of  the  density  of  a  solution 
over  that  of  water  at  the  same  temperature  as  the  solu¬ 
tion  is  direCfly  proportional  to  the  percentage  of  salt  in 
the  solution.  In  symbols,  if  D t,  dt  are  the  densities 
at  the  same  temperature  t  of  a  solution  and  of  water 
respectively,  and  if  p  is  the  percentage  of  anhydrous  salt 
in  the  solution,  we  have  thus — 

D t  =  dt  +  k  p, 

where  k  is  a  constant  for  all  sufficiently  dilute  solutions 
of  any  one  salt.  The  value  of  the  constant  k  for  any  one 
salt  having  been  determined,  the  densities  (in  grms.  per 
c.c.)  obtained  from  the  above  formula,  are  found  to  agree 
with  observed  values  to  the  fourth  place  of  decimals 
within  the  limits  of  concentration  specified  above. 

The  following  tables  give  the  concentrations  and  ob¬ 
served  densities  of  dilute  solutions  of  a  number  of  salts, 
together  with  the  densities  calculated  by  the  aid  of  the 
above  formula  with  the  proper  value  of  k.  The  fourth 
column  gives  the  differences  between  the  observed  and 
calculated  values.  The  values  of  the  density  of  water 
used  in  these  calculations  are  those  given  by  Volkmann,* 
which  are  based  on  the  observations  of  Hagen 
Matthiessen,  Pierre,  Kopp,  and  Jolly. 


Zinc  Sulphate. — ZnS04. 
Observer The  author. 

Temperature  : — 20°  C. 

Formula  : — D40  =  o,9g827  Fo,oio39i8  p. 


Percentage  of  Observed  Calculated 
anhydrous  salt  density  at  go0  C.  density  at  20°  C. 
in  solution.  Grms.  per  c.c.  Grms.  per  c.c. 


I'l622 

1- 8698 

2- 7281 
5-9150 


I-0I032 

I'OI774 

1-02662 

1-06104 


1-01035 

1-01770 

1-02662 

i’05973 


Difference. 

+  0-00003 

—  0-00004 
0-00000 

—  0-00131 


The  above  formula  thus  gives  the  densities  of  solutions 
of  zinc  sulphate  accurately  to  four  places  of  decimals, 
provided  they  do  not  contain  more  than  about  3  per  cent 
of  anhydrous  salt  in  solution. 


Magnesium  Sulphate. — MgS04. 
Observer: — The  author. 

Temperature  : — 20°  C. 

Formula  : — D20  =  0-99827  +  0-01063247!’. 


Percentage  of 
anhydrous  salt 
in  solution. 

0-6907 

1- 6525 

2- 5809 

3- 7689 


Observed  Calculated 

density  at  20°  C.  densityat2o°C. 
Grms.  per  c.c.  Grms.  per  c.c. 

1-00553  1-00561 

1-01584  1-01584 

1-02525  1-02571 

1-03700  1-03834 


Difference. 

+  0-00008 
o-ooooo 
+  0-00046 
+  0-00134 


The  formula  is  thus  applicable  up  to  about  2  per  cent. 
The  following  is  another  series  of  observations  of  solu¬ 
tions  of  the  same  salt : — 


*  From  the  Trans.  Roy.  Soc.  Canada. 
Ibid.,  vol.  iii.  (18S5),  sec.  3,  p.  15. 


*  Wied.  Ann.,  xiv.  (1881),  p.  260. 
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Chemistry  of  Iron  and  Steel-Making. 


Observer : — Schiff.* 

Temperature  : — 230  C. 

Formula 023  =  0-99762  +  0-0098176  />. 


Percentage  of  Observed  Calculated 

anhydrous  salt  density  at  23°  C.  density  at  230  C. 
in  solution.  Grms.  per  c.c.  Grms.  per  c.c. 


0-4879 

0-9758 

1- 4637 

2- 4395 


1-00241 

1-00720 

I-OIigg 

1-02176 


1-00241 

1-00720 

1-01999 

I-02I57 


Difference. 

O'OOOOO 
0-00000 
o-ooooo 
—  0-00019 


Thus  in  the  case  of  Schiff’s  observations  also,  the 
formula  holds  up  to  between  2  and  2  5  per  cent. 

(To  be  continued). 
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The  Chemistry  of  Iron  and  Steel-Making,  and  of  their 

Practical  Uses.  By  W.  Mattieu  Williams,  F.C.S., 

F.R.A.S.  (formerly  Chemist  in  the  Works  of  Sir  J. 

Brown  and  Co.,  Lim.).  London  :  Chatto  and  Windus. 
Mr.  Williams  has  produced  several  works  both  scientific 
and  technical,  as  well  as  some  of  a  more  general  nature. 
But,  unlike  some  versatile  authors  whom  we  might  name, 
he  never  comes  forward  to  instruct  the  public  on  any 
subject  without  knowing  something  or  other  more  about 
it  than  may  be  compiled  from  the  literature  of  the  day. 
He  is  not  merely  an  acute  observer,  but  one  who  can 
make  his  observations  teach  useful  lessons.  In  his  preface 
he  divides  working  men  into  three  great  classes.  The 
first,  and  unfortunately  the  largest,  neither  know,  think, 
or  care  anything  about  the  scientific  basis  of  their  work; 
the  second  treat  the  laboratory  with  contempt,  and  resent 
the  interference  of  the  chemist  ;  the  thiid  class  are 
awakening  to  a  perception  that  practical  men  might  after 
all  “  learn  something  from  the  theorists.” 

The  present  work  is  the  completion  of  a  few  leCtures 
which  Mr.  Williams  delivered  some  years  ago  to  an 
audience  of  this  third  seCtion.  He  urges  that  the  men  of 
this  class  “  crave  to  learn  the  why  and  the  wherefore  of 
the  operations  which  they  are  daily  performing.  He  pro¬ 
tests  against  putting  into  the  hands  of  such  men  a  re-hash 
of  mere  scholastic  treaties,  and  fears  that  forcing  such  j 
matter  upon  them  under  the  guise  of  technological  instruc¬ 
tion  may  drive  the  men  back  into  the  second  class.  He 
pleads  for  the  scientific — not  literary— education  of  the 
working  man,  so  as  to  render  him  a  better  observer  and 
more  able  to  draw  right  conclusions  from  phenomena. 

His  introdudloiy  chapter  is  chiefly  devoted  to  an 
account  of  the  struggles  of  Dud  Dudley,  son  of  Edward, 
Lord  Dudley.  To  him  we  are  indebted  for  the  redudtion 
of  iron  ores  with  fossil  fuel— a  step  greater  than  that 
effected  by  Messrs.  Thomas  and  Gilchrist,  since  without 
it  the  English  iron  trade  would  be  simply  non  existent. 

We  are  often  told  that  by  special  good  luck  Britain  is 
most  abundantly  supplied  with  coal  and  iron  ores  in 
immediate  juxtaposition  ;  but  the  author  reminds  us  that 
our  native  iron  ores  are  among  the  worst  and  the  poorest 
in  the  world,  and  that  the  chief  improvements  in  the 
manufacture  of  iron  have  teen  the  result  of  struggles 
against  the  difficulties  presented  by  impurities.  He  does 
not,  however,  consider  that  iron  pyrites,  even  after  its 
sulphur  has  been  roasted  out  in  the  manufacture  of  sul¬ 
phuric  acid,  has  a  future  as  an  iron  ore,  though  it  may  be 
useful  as  a  source  of  certain  salts  of  iron. 

On  the  word  “slag”  the  author  entertains  peculiar 
views.  The  vitrified  matter  which  is  run  off  from  smelt¬ 
ing  furnaces  he  would  name  “  cinder,”  and  confine  the 
term  “  slag  ”  to  the  scales  struck  off  from  iron  in  forging. 
This  proposal,  if  carried  out,  would,  we  fear,  lead  to  con¬ 
fusion.  “  Cinder,”  except  in  iron-works,  signifies  coal 

1  «■  ■  ■■  ■  -  .  .  —  - — - — — 

*  Ann.  Chem.  u.  Phartn.,  cviii.,  p.  336;  see  also  Watts' “  Diftionary 
Of  Chemistry,”  Art.  Magnesium  Sulphate. 


from  which  the  hydrocarbons  and  all  the  more  volatile 
matter  has  been  burnt  away,  and  which  is  thus  converted 
into  a  kind  of  coke.  But  whatever  we  may  agree  to  call 
the  mixture  of  silicates  run  off  down  the  furnace,  its  uses 
are  not  sufficiently  numerous  and  extensive.  The  proposal 
to  employ  it  as  a  raw  material  for  coarse  glass  bottles 
seems,  according  to  the  author,  not  tohave  been  successful. 
Slags  rich  in  alumina  and  poor  in  lime,  if  dissolved  in 
hydrochloric  acid,  form  a  crude  aluminium  chloride  far 
superior  to  alum  for  the  treatment  of  sewage  and  other 
foul  waters. 

The  author’s  demand  upon  blast-furnaces  is  high,  but 
not  utopian.  He  writes :  “  Any  blast-furnace  which  does 
not  roast  its  own  ores,  coke  all  its  own  coal,  and  causti- 
cise  its  own  lime,  is  an  imperfeCt  machine,  with  which  the 
enterprising  iron-master  should  continue  to  be  dissatis¬ 
fied.”  At  the  same  time,  if  the  blast-furnace  cokes  all 
its  own  coal,  we  fear  that  the  ammonia  and  the  tar  with 
its  bases  will  not  be  utilised.  The  same  chapter  concludes 
with  a  pithy  hint  to  utilisers  of  waste  materials.  Where 
labour  is  de'ar  and  fuel  abundant  “  the  colliery  proprietor 
who  gets  his  coal  at  four  shillings  per  ton  and  his  labour 
at  five  shillings  per  day,  is  reasonably  deaf  and  blind  to 
scientific  demonstration  which  shows  how  he  may  save  a 
ton  of  coal  at  the  cost  of  a  day’s  labour.” 

The  chapter  headed  “  Fallacies  Concerning  Steel  ”  is 
most  instructive.  Mr.  Williams  exposes  the  notion  held 
even  by  men  of  repute  that  the  differences  between  steel, 
wrought-iron,  and  cast-iron,  “  essentially  depend  upon 
differences  in  the  proportion  of  carbon.”  It  has  been 
asserted  that  merchantable  steel  could  be  made  from 
English  pig  iion  by  simply  stopping  the  “  blow  ”  before 
complete  decarbonisation.  Hence  many  inventors  have 
been  deluded.  They  have  thought  to  produce  steel  by 
simply  reducing  the  3  or  4  per  cent  of  carbon  in  cast  iron 
down  to  1  or  per  cent,  quite  forgetting  the  necessity 
of  eliminating  the  phosphorus,  sulphur,  and  silicon. 

Another  common  and  dangerous  error  has  been  to  for¬ 
get  that  metal  of  very  high  tenacity,  as  measured  by 
the  application  of  a  strain  gradually  increasing,  is 
able  to  bear  a  sudden  shork.  Hence  mere  tenacity, 
measured  as  above,  is  no  proof  of  the  suitability  of  a  steel 
for  girders,  guns,  armour  plating,  ccc.  The  Tay  Bridge 
had  successfully  borne  the  tests  then  in  use,  and  had 
been  pronounced  satisfactory.  But  a  comparatively  slight 
vibration  added  to  the  strain  of  a  tempest  destroyed  it  in 
a  moment.  The  author  is  of  opinion  that  for  rails,  tyres, 
&c.,  mild  steel  is  far  superior  to  wrought-iron.  But  for 
boiler-plates,  armour-plates,  girders,  angle-iron,  &c., 
wrought-iron  is  superior. 

The  following  remark  is  humorous: — “The  spectro¬ 
scope  is  a  wonderful  instrument,  one  of  its  great  merits 
being  remarkable  docility.  An  energetic  man  with  a 
clearly  defined  theory  before  him  appears  to  be  able  to 
discover  in  a  well-construCied  spectroscope  whatever  the 
theory  demands.” 

We  find  a  nobly  indignant  denunciation  of  the  policy 
which  equips  our  soldiers  with  brittle  sabres  and  flexible 
bayonets.  Why  do  we  blame  the  ignorant  public  for 
buying  “  cheap  and  nasty  ”  articles,  when  our  authorities 
think  it  prudent  to  risk  the  life  of  trained  soldiers — 
perhaps  the  loss  of  a  campaign — in  order  to  economise 
some  fraction  on  a  weapon  ? 

We  cannot,  however,  carry  any  further  our  examination 
of  this  most  instructive  book,  which  is,  or  should  be, 
valuable  to  others  besides  metallurgists  and  engineers. 


Practical  Inorganic  Chemistry — Analysis  and  Sketches. 

By  E.  J.  Cox.  London  :  Percival  and  Co. 

The  author  of  this  book  is  described  on  the  title-page  as 
head  master  of  the  “Technical  Science  School,”  Birming¬ 
ham.  If  his  work  is  to  be  taken  as  a  fair  index  of  the 
kind  of  teaching  in  this  and  similar  institutions  we  can 
only  say  that  the  sooner  they  are  abolished  the  better  it 
will  be  for  the  progress  of  science  in  this  country. 
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There  is  hardly  a  page  in  the  book  that  does  not 
show  the  author’s  want  of  practical  knowledge  of  his 
subjedt.  It  will  suffice  to  pick  out  a  few  of  the  most 
glaring  examples  from  a  list  that  would  fill  a  column  of 
this  paper.  On  page  40,  in  the  sketch  illustrating  the  pre¬ 
paration  of  nitrous  oxide,  the  gas  is  carefully  dried  by 
passing  it  over  calcium  chloride  and  is  then  collected 
over  water!  Sketch  No.  21,  again,  on  page  42,  shows 
ammonia  gas  being  colledted  at  a  pneumatic  trough  that 
must  contain,  at  the  lowest  estimate,  three  hundred¬ 
weights  of  mercury  (value  about  £40  sterling).  It  is 
evident  from  this — and,  indeed,  from  the  remarks  on 
page  34 — that  the  students  are  not  intended  to  perform 
these  experiments  ;  that  is  a  troublesome  detail  quite 
unnecessary  for  the  object  of  the  “  Technical  Science 
School,”  which  is,  of  course,  to  get  the  maximum  number 
of  “  passes  ”  (with  the  minimum  of  trouble  and  know¬ 
ledge)  in  the  inevitable  examinations.  If  we  turn  to  the 
section  on  analysis  we  shall  fare  no  better.  On  page  28 
the  student  is  directed  to  confirm  the  presence  of  calcium 
in  a  precipitate  by  dissolving  it  in  HC1,  and  adding  to 
separate  portions  of  the  solution  ammonium  oxalate  and 
sodium  phosphate.  There  is  no  hint  of  the  necessity  of 
first  neutralising  the  acid  ;  doubtless  the  author  (who 
writes  himself  F.C.S. !)  prefers  to  let  his  students  find  out 
such  details  for  themselves.  On  page  22  the  method  of 
testing  for  nitric  acid  given  is  to  “  Boil  well  with  strong 
H2S04,”  allow  to  cool,  anH  then  add  ferrous  sulphate.  Has 
the  author  ever  tried  the  experiment  in  this  form,  we 
wonder  ? 

The  statement  (on  page  6j  that  the  fumes  evolved  on 
heating  sulphates  turn  red  litmus  blue,  may  be  charitably 
put  down  as  a  slip  :  but  we  have  quoted  enough  to  show 
that  the  book  is  a  thoroughly  bad  one— a  “  cram  book  ” 
of  the  worst  type  written  by  a  man  without  an  adequate 
knowledge  of  the  subjedt  he  essays  to  teach.  It  is  a 
standing  reproach  to  the  Science  and  Art  Department, 
which  unfortunately  controls  so  much  of  the  science 
teaching  in  this  country,  that  it  has  taken  no  adequate 
means  to  put  the  teaching  of  science  into  the  hands  of 
really  competent  men.  A  step  in  the  right  direction  has 
been  taken  within  the  last  few  years  by  raising  the  neces¬ 
sary  qualification  from  a  second-class  to  a  first-class  in 
the  “  advanced  ”  stage;  but  it  is  to  be  hoped  that  this 
will  not  be  considered  a  final  settlement  of  the  question. 


CORRESPONDENCE. 


THE  FELLOWSHIP  OF  THE  CHEMICAL 
SOCIETY. 

To  the  Editor  of  the  Chemical  News. 

Sir, — In  the  Chemical  News,  vol.  lxii.,  p.  2x2,  you  pub¬ 
lished  the  circular-letter  which  has  been  sent  round  to 
the  members  of  the  Chemical  Society  by  Messrs.  Lloyd 
and  Teed,  and  from  which  it  seems  they  are  desirous  of 
inducing  the  Fellows  to  ignore  the  objedts  for  which  the 
Society  was  founded— viz.,  “  the  promotion  of  chemistry 
and  of  those  branches  of  science  immediately  connedted 
with  it,”  or,  as  the  Charter  puts,  “for  the  general  ad¬ 
vancement  of  chemical  science,” — and  to  transform  it  into 
an  ecledtic  body,  which  should  only  admit  those  who 
have  “  scientific  claims,”  whatever  that  may  mean,  and 
thereby  convert  the  Fellowship  into  a  sort  of  Chemical 
Degree,  or,  as  they  express  it,  “  The  dignity  of  the 
Fellowship  of  the  Chemical  Society.” 

If  this  radical  change  were  effedted,  it  would  have  two 
results: — 

1.  As  only  a  comparatively  small  number  of  the  candi¬ 
dates  for  admission  have  attained  any  fame  as  scientific 
chemists,  or,  as  Messrs.  Lloyd  and  Teed  put  it,  can  ad¬ 
vance  “  scientific  claims,”  the  number  of  Fellows  would 
gradually  become  smaller,  the  income  of  the  Society 


would  diminish,  and  the  Council  would  be  obliged  to  cut 
down  the  Journal,  by  omitting  the  Abstradts,  and, 
possibly,  also  be  unable  to  publish  in  full  the  original 
papers  communicated  to  the  Society. 

2.  The  point  to  which  I  wish  especially  to  draw 
attention,  ho  vever,  is  that  this  is,  whether  designedly 
or  not,  a  side  attack  on  the  Institute  of  Chemistry, 
which  was  intended  by  its  founders  to  be  supple¬ 
mentary  to  the  Chemical  Society,  and  is  empowered  by 
Royal  Charter  to  grant  certificates  to  those  who  are  com¬ 
petent.  The  Fellowship  of  the  Chemical  Society  neither 
is,  nor  is  intended  to  be,  evidence  of  an  advanced  know¬ 
ledge  in  chemistry;  on  the  other  hand,  the  Fellowship  of 
the  Institute  is  recognised  by  the  Government,  as  the 
following  letter,  recently  addressed  to  the  President, 
Dr.  James  Bell,  will  show: — 

“  Sir,— I  am  directed  by  the  Local  Government  Board  to  advert 
to  your  letter  of  the  30th  July  last,  and,  in  reply  to  state  that  they 
have  already  been  in  the  habit  of  accepting  the  Fellowship  of  the 
Institute  of  Chemistry  of  Great  Britain  and  Ireland  as  adequate 
evidence  of  a  knowledge  of  analytical  chemistry  on  the  part  of  a 
person  to  be  appointed  as  public  analyst. 

I  am,  Sir, 

Your  Obedient  Servant, 

Edmund  W.  Wodehouse, 
Assistant  Secretary.” 

It  is  hard  to  guess  whether  this  attack  is  intended 
mainly  for  the  purpose  of  injuring  the  Chemical  Society, 
or  is  made  with  the  objedt  of  hampering  the  Institute  of 
Chemistry  in  its  endeavour  to  raise  the  status  of  the  pro¬ 
fessional  chemist,  or  is  simply  an  outcome  of  the  mania 
for  change  which  seems  to  be  epidemic  just  now.  How- 
evet  that  may  be,  its  most  immediate  and  important  re¬ 
sult,  if  successful,  would  be  to  enormously  increase  the 
commercial  value  of  the  letters  F.C.S.  for  trade  advertis¬ 
ing  purposes  ;  and,  although  this  may  be  greatly  to  the 
advantage  of  some  tew  Fellows  of  the  Society,  I  feel  sure 
the  larger  number,  those  who  love  Science  for  its  ovvn 
sake,  and  not  merely  for  what  they  can  make  out  of  it, 
would  view  any  change  which  was  likely  to  produce  this 
effcdt  with  the  strongest  disfavour.— I  am,  &c., 

Charles  E.  Groves, 

Secretary  to  the  Institute  of  Chemistry. 


CHEMICAL  NOTICES  FROM  FOREIGN 
SOURCES. 

Note. — All  degrees  of  temperature  are  Centigrade  unless  otherwise 
expressed. 

Comptes  Rendus  Hebdomadaires  des  Seances,  de  I'Academie 
des  Sciences.  Vol.  cxi.,  No.  14,  October  6,  1890. 

On  a  New  Methodfor  the  Determination  of  Urea.— 
P.  Miguel.— The  author  has  formerly  stated  that  in 
order  to  obtain  the  soluble  ferment  of  urea  by  means  of 
very  adtive  urophagous  bacilli  it  was  useful  to  add  a  little 
ammonium  carbonate  to  the  culture  solutions.  The  sole 
objedt  of  this  precaution  was  to  render  the  medium 
strongly  alkaline,  so  that  these  bacilli  may  easily  grow  in 
the  liquid.  In  default  of  alkalinity  the  sowings  generally 
remain  sterile.  But  among  the  urophagous  microbia 
many,  especially  the  micrococci,  can  develop  themselves 
in  neutral  or  even  acidulated  broth.  Many  of  these  micro¬ 
organisms  grow  exclusively  at  the  bottom  of  the  vessels, 
producing  deposits  more  or  less  granular,  which  nevei 
interfere  with  the  transparence  of  the  liquid,  but  charge 
it  with  a  considerable  quantity  of  a  soluble  ferment.  Such 
liquids  of  a  high  degree  of  transparence  should  be  chosen 
bv  preference  for  the  determination  of  urea.  If  it  is  merely 
required  to  determine  urea  dissolved  in  pure  water  the 
operation  is  of  the  greatest  simplicity,  d  he  diastasiferous 
broth  and  the  solution  of  urea  are  mixed  in  equal  volumes. 
An  alkalimetric  determination  is  immediately  made,  and 
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the  mixture  is  kept  for  two  hours  at  50°  in  a  vessel  very  . 
nearly  full  and  fitted  with  a  ground  glass  stopper.  At  the 
end  of  this  time  a  second  alkalimetric  determination 
shows  the  quantity  of  ammonium  carbonate  which  has 
been  produced,  and  in  consequence  the  weight  of  urea 
originally  contained  in  the  solution.  If  the  liquid  in 
which  the  urea  has  to  be  determined  is  urine  or  any 
organic  liquid  it  is  well,  in  order  to  avoid  error  from  the 
absorption  of  ammonia  by  acids,  acid  salts,  or  from  the 
formation  of  double  ammonical  salts,  to  treat  the  liquid  in 
heat  with  a  slight  excess  of  ammonium  carbonate.  The 
liquid  when  cold  is  filtered  if  needful,  and  treated  like  the 
solution  of  urea  in  pure  water.  This  method  admits  of 
great  precision.  If  the  weight  of  urea  in  a  liquid  reaches 
10  per  cent — at  which  proportion  it  becomes  poisonous  to 
the  ferment — it  is  diluted  with  pure  water.  Sodium 
chloride  in  slight  proportions,  uric  acid,  ammoniacal  and  ' 
alkaline  salts,  extradive  principles,  albumen,  and  sugar 
in  very  large  quantities  do  not  interfere,  which  is  far  from 
being  the  case  when  urea  is  determined  as  nitrogen  gas. 
Certain  substances  do  interfere,  as  the  author  will  explain 
in  a  future  paper. 

Experiments  on  the  Cultivation  of  Wheat  in  a 
Barren  Quartz  Sand. — M.  Pagnoul. — Pfiosphates,  espe¬ 
cially  if  soluble,  play  a  capital  part  in  the  production  of 
wheat.  A  mean  yield  of  46  quintals  per  hectare  with  a 
complete  manure  falls  to  12  on  the  omission  of  soluble 
phosphoric  acid,  and  to  2  if  phosphoric  acid  is  totally 
absent.  The  absence  of  nitrogen  reduced  the  yield  from 
46  to  11.  Potash  is  especially  necessary  if  the  nitrogen 
is  supplied  in  the  form  of  ammonia.  The  proportion  of 
nitrogenous  matter  in  the  grain  depends  on  the  quantity 
of  nitrogen  supplied  in  the  manure.  It  may  fall  to  8  per 
cent  or  rise  to  20. 


Bulletin  de  la  Societe  Cliimique  de  Paris. 

Series  3,  Vol.  iii.,  No.  12. 

Thermo-chemical  Researches  on  Textile  Fibres 
(Wood  and  Cotton). — M.  Leo  Vignon. — The  substance 
of  this  paper  has  been  already  inserted. 

Determination  of  Lead  by  Phosphomolybdic  Acid. 
— Henry  Beuf. — This  determination  may  be  effected  either 
volumetrically  or  gravimetrically.  In  the  former  case  the 
solution  of  lead  is  gradually  treated  at  a  boil  with  an 
aqueous  solution  of  phosphomolybdic  acid  until  the  whole 
is  precipitated,  which  is  recognised  by  the  yellow  colour 
which  the  liquid  takes  as  soon  as  it  contains  an  excess  of 
the  liquid.  This  precipitation  must  be  effected  at  a  boil 
in  order  to  obtain  a  dense  precipitate,  easy  to  wash  and 
to  filter.  At  lower  temperatures  the  precipitate  trave:  cs 
the  filter.  It  is  let  settle  for  a  few  moments,  when  the 
precipitate  collects  at  the  bottom  of  the  vessel.  It  is 
washed  by  decantation  with  hot  water,  passing  the  wash¬ 
ings  through  a  tared  filter.  When  the  washing  is  com¬ 
pleted  the  precipitate  is  put  upon  this  filter,  washed  at 
90 — 100°,  and  weighed.  The  quantity  of  lead  is  calculated 
by  multiplying  the  weight  of  the  precipitate  by  o’548o2. 
If  the  solution  of  lead  before  precipitation  is  acid  it  is 
neutralised  with  a  solution  of  soda  (not  potassa  or  am¬ 
monia),  and  any  precipitate  which  forms  is  re-dissolved  in 
a  few  drops  of  acetic  acid.  By  this  method  we  obtain  a 
precipitate  containing  less  lead  than  do  the  sulphate  and 
sulphide,  whence  the  errors,  if  any,  are  smaller.  For  a 
volumetric  determination  the  precipitation  is  effected  as 
above  ;  the  precipitate  is  washed,  and  the  washings  are 
filtered  through  a  common  filter  (not  tared)  taking  care 
to  let  as  little  of  the  precipitate  as  possible  fall  on  the 
filter.  When  the  washing  is  completed  the  filter  is  per¬ 
forated,  and  that  portion  of  the  piecipitate  which  has 
collected  upon  the  filter  is  washed  into  the  vessel  con¬ 
taining  the  principal  portion.  There  are  then  added  10  c.c. 
of  sulphuric  acid  and  2  to  3  grms.  zinc.  The  whole  is 
then  gently  boiled  for  an  hour,  when  the  liquid  becomes 
brown.  A  solution  of  permanganate  is  then  dropped  in 
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with  a  burette  until  the  liquid  takes  a  permanent  rose 
colour.  As  the  permanganate  has  been  standardised  with 
a  known  quantity  of  a  lead  salt,  the  quantity  of  lead  pre¬ 
sent  is  determined  from  the  volume  of  permanganate  con¬ 
sumed.  The  metals  which  interfere  with  this  process  are 
iron,  copper,  zinc,  potassium,  besides  arsenic  and  am¬ 
monium.  Iron  is  easily  eliminated.  When  the  liquor  is 
neutralised  with  soda  before  precipitation  an  excess  of 
alkali  is  used,  which  throws  down  the  iron  as  ferric 
hydroxide,  whilst  the  lead  is  re-dissolved.  The  iron  is 
then  removed  by  filtration.  In  presence  of  copper  the 
lead  is  precipitated  as  if  no  other  metal  was  present.  A 
part  of  the  copper  is  thrown  down,  but  a  washing  with 
ammoniacal  water  dissolves  the  copper,  whilst  the 
lead  remains  insoluble.  Potassium  and  ammonium 
are  precipitated  only  in  nitric  solutions,  but  if  they 
should  be  carried  down  they  are  easily  removed  by 
washing  with  ammonia.  Zinc,  as  well  as  arseniates 
and  arsenites,  interfere  with  the  precipitation.  The  com¬ 
pound  of  lead  with  phosphomolybdic  acid  is  a  dense  white 
powder,  insoluble  in  ammonia,  soluble  in  potassa  and 
soda,  soluble  in  nitric  acid  even  if  dilute,  but  less  soluble 
in  acetic  acid.  One  part  of  this  compound  dissolved  in 
500,000  parts  of  water.  It  contains  54‘8o2  per  cent  of 
lead.  For  preparing  the  solution  of  phosphomolybdic 
acid  the  author  takes  the  ammonium  phosphomolybdate, 
a  salt  easily  obtained,  and  treats  it  with  aqua  regia  on  the 
water  bath  until  completely  dissolved,  and  then  evaporates 
to  dryness.  The  acid  thus  obtained  is  dissolved  in  water 
and  the  solution  is  filtered.  It  suffers  no  change  in 
keeping. 

On  Raoult’s  Ebullioscope. — R.  Lespieau. — This  paper 
requires  the  accompanying  figure. 

Acdion  of  Chloral  upon  Resorcine. — H.  Causse. — 
By  this  readion  the  author  has  obtained  Ci4Hi206  in 
colourless  crystals,  insoluble  in  water  and  benzene,  but 
soluble  in  alcohol,  ether,  and  alkaline  lyes.  The  latter 
solutions  in  contad  with  air  take  a  splendid  fluorescence 
analogous  to  that  of  the  phthaleine  of  resorcine.  The 
author  has  further  examined  the  behavour  of  these  crystals 
with  acetic  anhydride,  the  adion  cf  glyoxylic  acid  upon 
resorcine,  and  that  of  ethylic  aldehyd  upon  pyrogallol. 

On  Bees’-Wax. — A.  and  P.  Buisine. — The  results 
show  that  bees’-wax  has  a  composition  which  is  approxi¬ 
mately  constant.  The  authors  promise  to  give  a  method 
for  the  examination  of  commercial  waxes  and  the  de¬ 
tection  of  their  falsifications. 


Journal  fur  Praktische  Chemie. 

New  Series,  Vol.  xli.,  Part  8. 

On  the  mixed  Fatty-aromatic  Ketones  and  their 
Oxidation  of  Potassium  Permanganate. — Ad.  Claus. — 
A  first  portion  only  of  a  memoir,  which  awaits  its  com¬ 
pletion. 

On  Artificial  Silver-Bismuth  Glance. — R.  Schneider. 
— The  natural  silver-bismuth  glance,  Ag2SBi2S3,  occurs  in 
a  mine  at  Morococha  in  Peru.  The  author  has  obtained 
artificially  a  compound  of  identical  composition. 

On  the  Combustion  Heats  of  some  Organic 
Isomers. — Iw.  Ossipoff. — This  memoir  does  not  admit 
of  useful  abstradion. 
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ON  THE  DETECT!  oliU&^QsfePARATION 
OF  MINUTE  QUANTITIES  OFr  HYDROGEN 
DIOXIDE\  AND  OF  URANIUM  * 


By  THOS-.  FAIR  BEY, 

Vf  ii  I?  K 


y 

F.R.S.E. 


Various  authors  have  given  o'5  m.grm.  as  the  smallest 
quantity  of  hydrogen  dioxide  which  can  be  detedted  by 
the  chromic  acid  test  (Deniges,  Bull.  Soc.  Chitn.,  1890,  p. 
797)- 

The  author  has  detedted  less  than  this  quantity  as 
follows  : — To  5  c.c.  of  a  o  005  per  cent  solution  of  H202 
in  a  test-tube,  add  1  to  2  c.c.  of  ether,  and  then  a  small 
drop  of  chromic  acid  by  means  of  a  small  pointed  glass 
rod  dipped  in  a  10  per  cent  solution  of  the  acid.  Shake 
up,  and  allow  the  ether  to  colledt,  when  the  blue  due  to 
the  solution  of  the  perchromic  acid  in  ether  is  distinctly 
visible,  especially  against  a  white  ground.  If  thought 
necessary,  the  yellow  aqueous  liquid  can  be  screened 
from  the  eye  by  means  of  a  sheet  of  paper  held  so  as  to 
leave  the  ether  alone  visible. 

Now,  5  c.c.  of  a  0-005  per  cent  solution  of  H202  contain 
0‘25  m  grms.  of  H202.  Solutions  more  dilute,  such  as 
a  o'oooi  per  cent  solution  of  H202,  have  in  numerous  ex¬ 
periments  given  negative  results  with  chromic  acid.  By 
taking  a  smaller  quantity  than  5  c.c. —  say,  1  c.c.  —  of  a 
o'oi  per  cent  H202,  adding  1  c.c.  of  ether,  and  then  a  very 
small  drop  of  the  chromic  acid  solution,  shaking  up  in 
a  small  test-tube,  and  allowing  the  ether  to  colledt;  the 
blue  colour  due  to  the  perchromic  acid  is  very  distindt. 
In  this  manner  o'i  m.grm.  H202  can  be  detedted. 

In  1877  (fourn.  Chem.  Soc.,  pp.  1 — 24  and  125 — 143), 
the  author  made  a  careful  study  of  many  of  the  readtions 
of  hydrogen  dioxide,  and  described  fully  the  preparation 
and  properties  of  the  uranium  tetroxide.  He  has  now 
endeavoured  to  apply  the  readtion  between  the  salt  of 
uranium  and  hydrogen  dioxide  to  its  detedtion  in  very 
dilute  solutions  or  in  very  minute  quantities.  One  advan¬ 
tage  is  that  the  dioxide  can  be  colledted  as  a  precipitate, 
even  out  of  a  large  volume  of  liquid,  not  too  dilute  to  re¬ 
ad!  with  the  uranium  solution.  In  the  absence  of  inter¬ 
fering  agents  ( Journ .  Chem.  Soc.,  1877,  p.  128),  it  affords 
a  process  of  separation  so  that  the  dioxide  can  be 
estimated  by  weighing  the  uranium  precipitate,  or  by 
titrating  it  with  permanganate. 

Dilute  solutions  of  uranium  nitrate  and  of  hydrogen  di¬ 
oxide  were  prepared  and  their  readtions  observed.  In  each 
case,  5  c.c.  of  the  uranium  solution  and  5  c.c.  of  the  H202 
solution  was  taken. 

The  Table  shows  that  in  very  dilute  solutions  j^th  to 
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¥’5th  m.grm.  H202  and  £  to  \  m.grm.  of  uranium  can  be 
detedted  by  this  readtion.  Though  the  precipitates  in 
experiments  7,  8,  and  9  are  very  minute,  weighing  less 
than  1  m.grm.,  the  turbidity  in  the  liquid  is  well  marked. 


NOTE  ON  THE 

PREPARATION  OF  DIASTASE. 
By  J.  ARTHUR  WILSON 


Having  to  make  occasional  estimations  of  starch  by 
O’Sullivan’s  method,  the  following  is  the  best  way  I  have 
found  of  preparing  diastase  of  the  highest  adtivity.  2  lbs.  of 
the  best  malt  are  allowed  to  stand  soaked  in  10  per  cent 
alcohol  for  eight  hours,  after  which  time  it  is  pressed  and 
filtered.  The  perfectly  bright  filtrate  is  then  precipitated 
by  absolute  alcohol,  till  a  milkiness  ensues.  It  is  then 
allowed  to  stand  some  time,  decanted  or  filtered,  and  the 
precipitate  washed  once  or  twice  with  absolute  alcohol. 

The  precipitate  is  then  treated  with  cold  water,  filtered 
from  the  insoluble  matter,  and  re-precipitated  by  alcohol. 
By  repeating  this  treatment  once  or  twice,  and  drying 
over  phosphoric  acid  in  vacuo,  a  white,  easily  soluble 
powder  of  high  adtivity  is  produced. 

Tottington,  OCt.  20,  1890. 


INTERNATIONAL  STANDARDS  FOR  THE 
ANALYSIS  OF  IRON  AND  STEEL.* 

Extracts  from  the  Work  of  the  American  Com¬ 
mittee. 

By  JOHN  W.  LANGLEY 
(Concluded  from  p.  220 

Mode  of  Release  of  Carbon. 

In  pursuance  of  the  special  work  assigned  to  Dudley,  in  a 
study  of  the  phenomena  attending  the  release  of  the 
carbon  from  its  connedtion  with  iron  in  the  steel,  some 
quite  surprising  results  have  been  obtained.  It  is,  perhaps, 
not  too  much  to  say  that  sufficient  work  has  already  been 
done  to  throw  doubt  on  the  accuracy  of  all  recent  carbon 
determination  made  with  preliminary  solution  of  the  steel 
in  double  chloride  of  copper  and  ammonium. 

Dudley  began  his  study  of  this  problem  of  the  release 
of  the  carbon  by  quite  an  amount  of  preliminary  study  on 
the  reliability  of  his  apparatus  and  method  of  making 
combustions.  A  number  of  modifications  were  tried, 
but  finally  the  apparatus  and  method  previously  described 
under  the  heading,  Dudley’s  Apparatus  and  Method,  were 
settled  upon,  and  this  apparatus  and  method  were  checked 
up  by  the  following  determinations: — 

Into  an  ordinary  glass  combustion  tube  some  60  grms. 
of  the  well-known  combustion  mixtuie  of  chromate  of 
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Actual  quantities  used  in  m.grms. 


No.  of 

Experiment. 

h2o 

per  cent. 

Ur  nitrate. 

Per  cent  Ur. 

Results.  , - 

h2o2. 

Ur. 

I . 

1  'o 

I'O 

Immediate  precipitate 

50 

50 

2 . 

,  , 

O'l 

I'O 

Precipitate  in  30  seconds 

5 

50 

3 . 

O'OI 

O'l 

,,  10  minutes 

°'5 

5 

4 . 

#  # 

O'OI 

O'OI 

,,  4  hours 

°'5 

°'5 

5 . 

,  , 

0-005 

0-05 

,,  30  minutes 

0-25 

2-5 

6 . 

,  , 

O'C02 

0'02 

,,  2  hours 

0*1 

I'O 

7 . 

O'OOI 

O'OI 

>>  *2  )) 

0-05 

°'5 

8 . 

#  , 

O'OOI 

o'oi  +  5  c.c.  pure 

alcohol  ,,  1  to  2  ., 

0-05 

°'5 

9 . 

•  • 

o'ooo5 

0-005  +  5  c.c.  „ 

>>  »  *2  n 

0-025 

0'25 

10.  ..  ,, 

•  • 

0'00025 

0'C025 

No  precipitate  with  or 
without  alcohol, 

0'0I25 

C125 
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lead  and  bichromate  of  potash  were  placed,  taking  care 
that  the  material  did  not  reach  to  either  end  of  the  tube, 
and  holding  it  in  place  at  each  end  by  asbestos  plugs  pre¬ 
viously  ignited.  The  tube  was  then  placed  in  a  furnace 
and  a  combustion  made  in  the  regular  way,  the  position 
of  the  material,  not  reaching  to  either  end,  allowing  the 
whole  of  it  to  be  uniformly  heated.  This  combustion  was 
simply  a  blank  to  eliminate  any  possible  error  due  to 
impurities  in  the  combustion  mixture.  A  small  increase 
in  weight  in  the  absorption  apparatus  was  found,  and  a 
second  blank  gave  exadtly  the  same  results.  This  being 
done,  three  samples  of  three  grms.  each  of  the  experi¬ 
mental  standard  ingot  were  treated  with  200  c.c.  each  of 
the  same  double  chloride  solution  rendered  acid  by  10  c.c. 
HC1.  As  this  solution  of  double  ehloride  will  be  referred 
to  hereafter,  we  will  say  that  it  was  made  in  Dudley’s 
laboratory  by  obtaining  from  the  market  commercial 
chloride  of  copper  and  commercial  chloride  of  ammonium, 
and  dissolving  these  in  water  and  mixing  them  in  the 
proportions  to  form  a  double  chloride  containing  one 
molecule  each  of  the  two  salts.  A  small  amount  of  free 
ammonia  was  added,  enough  to  cause  a  perceptible 
separation  of  hydrated  oxide  of  copper.  The  solution 
was  then  allowed  to  settle,  and  always  filtered  through 
previously  ignited  asbestos  before  using.  This  will  be 
called  solution  “  A.”  And  it  will  be  observed  that  the 
solution  had  not  been  crystallised.  After  solution  was 
complete,  the  three  tests  were  filtered  into  platinum  boats, 
and  three  combustions  made.  Two  of  these  combustions 
were  made  in  glass  tubes,  using  exadtly  the  same  amount 
of  combustion  mixture  as  in  case  of  the  blanks  above 
described,  and  following  the  same  manipulation,  except 
that  the  boats  with  their  carbon  were  buried  in  the  com¬ 
bustion  mixture  in  the  tube.  The  third  combustion  was 
made  in  the  apparatus,  and  by  the  method  previously 
described  under  the  head  of  Dudley’s  Apparatus  and 
Method.  The  results  obtained  from  these  three  combus¬ 
tions  were  as  follows 

Per  cent. 

Combustion  mixture  No.  1,  after  allowing  for 

blank,  gave,  carbon  . 1-102 

•  Combustion  mixture  No.  2,  after  allowing  for 

blank,  gave,  carbon  . I'log 

Combustion  with  Dudley’s  apparatus  and 

method . i'io6 


Average  .  no6 

These  results  were  regarded  as  showing  that  Dudley’s 
apparatus  and  method  gave  fairly  reliable  results  so  far  as 
the  combustion  was  concerned. 

But  these  results  were  confirmed  by  two  further  tests, 
as  follows  : — First — A  diredt  combustion  of  crystallised 
and  pulverised  sugar  in  the  same  apparatus,  and  im¬ 
mediately  following  the  last  steel  analysis  above,  gave, 

Carbon . 42-02  percent. 

Theoretical  carbon  in  sugar  ..  42'H  ,, 

This  was  followed,  secondly,  by  a  blank  combustion, 
everything  being  done  exadtly  as  in  a  regular  combustion, 
except  that  nothing  was  put  in  the  combustion  tube. 
This  blank  showed  a  loss  in  the  weight  of  the  absorption 
apparatus  of  two-tenths  of  a  m.grm. 

The  apparatus  and  method  being  regarded  as  satisfac¬ 
tory,  attention  was  next  given  to  the  release  of  the  carbon. 
Experiments  were  planned  to  demonstrate  the  effedt  of 
different  states  of  dilution  of  the  double  chloride  solution 
on  the  release  of  the  carbon;  also,  to  determine  whether 
large  or  small  amounts  of  double  chloride  solution  changed 
results ;  and  also  to  determine  whether  varying  amounts 
of  chloride  of  ammonium  relative  to  the  chloride  of  copper 
present  produced  any  change.  Before  this  part  of  the  j 
work  was  fairly  entered  on,  however,  a  shipment  of 
crystallised  double  chloride  was  obtained  from  the  market. 
Since  it  had  alteady  been  noticed  in  the  work  done  on 
apparatus  and  method  previously  alluded  to  that  dis¬ 
cordant  results  were  frequently  obtained,  it  was  at  first 


suspedted  that  the  apparatus  and  method  were  at  fault, 
but  after  the  tests  of  the  apparatus,  above  given,  were 
made,  suspicion  fell  on  the  double  chloride,  and  accord¬ 
ingly  a  nearly  saturated  solution  was  made  from  the 
shipment  above  alluded  to.  This  solution  will  be  called 
solution  “  B.”  Four  combustions  of  the  experimental 
standard  ingot  were  made,  using  200  c.c.  of  solution  “  B  ” 
rendered  acid  with  10  c.c.  ol  HC1.  These  gave  results  as 


follows  :  — 

No.  1 

N  0.  2 

No.  3  ..  .. 

No.  4 

..  ..  ,,  1-065 

Average. . 

These  results,  it  will  be  observed,  are  a  trifle  over  0-04 
per  cent  lower  than  were  obtained  with  the  same  steel, 
with  the  same  apparatus  and  method,  but  using  the  un¬ 
crystallised  double  chloride  solution  “  A.”  The  problem 
at  once  arose  how  to  reconcile  these  discrepancies. 
Obviously,  if  the  apparatus  and  method  could  be  trusted, 
either  the  solution  “  A  ”  contributed  to  the  absorption 
apparatus,  which  was  weighed  and  counted  as  carbon,  or 
solution  “  B  ”  dissolved  and  carried  off  some  of  the 
carbon  in  the  steel — or  possibly  both.  Who  could  tell 
where  the  truth  lay  ? 

The  first  attempt  to  unravel  the  mystery  consisted  in 
taking  450  c.c.  of  solution  “  A  ”  with  25  c.c,  of  HC1,  and 
adding  to  it  1  grm.  of  steel.  After  the  reaction  was  com¬ 
plete  and  the  solution  had  been  thoroughly  mixed,  it  was 
filtered  through  asbestos.  The  result  of  this  treatment 
was  that  this  450  c.c.  of  solution  “  A  ”  had  now  in  it  some 
sub  chloride  of  copper,  some  chloride  of  iron,  and  also 
carbon  liberated  from  steel  had  been  floating  around  in  it, 
affording  an  opportunity  for  any  material  which  might  be 
separated  from  the  solutions  by  the  reaction  to  attach 
itself  and  be  filtered  out.  The  reasoning  was  as  follows  : 
— If  double  chloride  solution  “  A”  contains  any  carbon¬ 
aceous  material  in  solution  which  separates  when  the 
solution  is  treated  with  steel,  thus  causing  high  results,  a 
part,  at  least,  of  this  material  will  separate  when  the 
450  c.c.  are  treated  with  one  grm.  of  steel,  and  be  removed 
by  the  subsequent  filtration,  and  consequently  combus¬ 
tions  made,  using  this  treated  doublechloridesolution  “A,” 
will  show  lower  results.  Two  combustions  were  accord¬ 
ingly  made  of  the  experimental  standard  ingot,  everything 
being  exactly  as  in  the  previous  combustions,  except  the 
use  of  the  treated  double  chloride  solution  “  A.”  These 
combustions  gave  : — 

No.  1  Carbon  ..  ..  1-076  per  cent. 

>.2  „  ....  1-070  ,, 

Average  ..  ..  1-073  per  cent. 

Here  was  a  reduction  of  a  little  over  0-03  per  cent  from 
the  figures  obtained  using  solution  “A”  untreated  with 
steel,  and  the  figures  seem  to  indicate  quite  clearly  that 
uncrystallised  double  chloride  solution  “A”  contained 
something  in  solution  that  separated  during  the  reaction 
with  the  steel,  and  gave  erroneous  and  too  high  results. 

In  confirmation  of  this  view,  the  following  experiments 
were  made  :  200  c.c.,  the  usual  amount  for  a  combustion, 
of  solution  “  A”  with  10  c.c.  of  acid,  were  treated  with 
5  grms.  of  experimental  standard  ingot,  instead  of  3  ;  the 
assumption  being,  if  there  is  a  certain  amount  of  carbon¬ 
aceous  matter  in  solution  “A”  which  comes  out  during 
the  reaction  with  the  steel,  lower  results  will  be  obtained 
if  this  error  is  divided  over  a  larger  amount  of  steel.  Two 
combustions  were  made  on  this  plan,  which  gave  results 
as  follows 

No,  1  give  Caibon  ..  1-049  percent. 

j)2,,  ,,  .  .  I  082  ,, 


Average  ..  ..  1-065  per  cent. 
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It  is  possible  the  first  of  these  duplicates  is  a  little  low,  as 
this  carbon  sponge  from  the  larger  amount  of  steel  was  a 
little  difficult  to  manage  in  the  boat ;  but  as  both  the 
results  are  lower  than  thore  previously  obtained  from 
solution  “A,”  it  is  evident  they  point  in  the  direction  that 
there  is  something  in  solution  “  A  ”  that  should  not  be 
there. 

One  more  experiment  was  made  on  solution  “  A,”  as 
follows  : — 1000  c.c.  of  this  solution  was  treated  with 
50  c.c.  of  HC1,  and  allowed  to  stand  for  some  time. 
This  solution  was  then  filtered  on  the  boat,  and  although 
nothing  was  visible  to  the  eye,  a  combustion  was  made. 
The  absoption  apparatus  showed  an  increase  in  weight  of 
3J  m.grms.  This  corresponds  to  a  trifle  over  o-oc6  per 
cent  of  caibon  in  the  steel  which  had  been  used  in  all  the 
previous  tests.  This  apparently  indicates  that  although 
solution  “A”  probably  contains  something  which  it 
should  not,  that  something  only  separates  very  slightly 
when  the  solution  is  treated  with  acid. 

Thus  far  the  evidence  seems  to  point  quite  strongly  in 
the  d  re&ion  that  uncrystallised  double  chloride  solution 
contains  some  carbonaceous  matter  which  separates 
during  the  reaction  with  the  steel,  But  who  knows  that 
crystallised  double  chloride  does  not  also  contain 
carbonaceous  matter  ?  And  still  further,  who  knows  that 
either  crystallised  or  uncrystallised  double  chloride  does 
or  does  not  dissolve  some  of  the  carbon  of  the  steel  during 
the  reaction,  and  thus  produce  a  loss  ? 

Upon  the  first  of  these  questions  the  following  experi¬ 
ments  were  made:— 450  c.c.  of  solution  “  B,”  which,  it 
will  be  remembered,  was  made  from  crystallised  double 
chloride  obtained  from  the  market,  were  treated  with  one 
grm.  of  steel  and  acid,  as  previously  described  for  solution 
“  A,”  and  two  combustions  made.  These  two  combus¬ 
tions  gave : — 

No.  1  Carbon  ..  ..  i-o6o  per  cent. 

, ,  2  , ,  . .  •  •  x '06 1  ,, 


Average  ..  ..  i-o6o  per  cent. 

These  results  are,  it  will  be  observed,  only  about  0-005 
per  cent  lower  than  were  obtained  with  the  same  solution 
untreated  with  steel,  and  seem  to  indicate  that  crystallisa¬ 
tion  removes  at  least  the  largest  part  of  the  carbonaceous 
material,  such  as  was  characteristic  of  solution  “A.” 
But  the  mother-liquor,  from  which  the  crystals  forming 
solution  “  B  ”  were  obtained,  may  not  have  contained  any 
large  amounts  of  carbonaceous  matter,  and  so  the  evidence 
seems  most  conclusive. 

In  continuation  of  this  same  study,  four  more  combus¬ 
tions  were  made,  two  of  them  using  solution  “  B,”  but  no 
acid,  and  the  other  two  likewise  using  solution  “  B  ”  and 
no  acid,  but  treating  the  solutions  with  steel,  as  previously 
described.  These  combustions  showed  as  follows: — 


Untreated. 

No.  I  Carbon  1-036  percent 
„  2  „  1-035  .» 


Treated. 

1  -030  per  cent. 
1-024  ,, 


Average  ..  1-035  1-027 


These  results  show  about  0-008  per  cent  lower  for  the 
treated  double  chloride  than  for  the  untreated,  but  the 
number  of  analyses  and  the  number  of  samples  of  crystal¬ 
lised  double  chloride  experimented  on,  seem  hardly 
sufficient  to  set  at  rest  the  question  as  towhether  crystal¬ 
lisation  completely  removes  the  probable  difficulty  due  to 
carbonaceous  matter  in  the  mother-liquor. 

Thinking  that  possibly  carbonaceous  matter  might  be 
introduced  into  the  double  chloride  solution  “A”  by  the 
commercial  chloride  of  ammonium  used  in  making  it,  four 
combustions  were  made,  using  some  of  the  same  shipment 
of  chloride  of  copper  alone  which  had  been  used  in  making 
solution  “  A.”  All  four  of  the  solutions  had  acid  present, 
and  two  of  them  were  made  with  the  solution  previously 
treated  with  one  grm.  of  steel  and  filtered  as  already 


described  ;  the  other  two  not  treated.  The  same  steel  was 

used  as  in  all  the  previous  cases ;  these 

combustions 

gave  the  following  results  : 

: — 

Untreated. 

Treated. 

No.  1  Carbon  . . 

1-072  per  cent 

1-040 

,,2  ,,  . .  . . 

1-056  ,, 

I-050 

Average . 

1-064 

1-045 

These  figures,  as  will  be  observed,  seem  to  indicate  that 
part  of  the  difficulty,  at  least,  is  due  to  the  chloride  of  am¬ 
monium,  since  the  chloride  of  copper  alone  gives  nearly 
0-04  per  cent  lower  results  than  solution  “  A.”  They  also 
seem  to  indicate  that  previous  treatment  with  steel  throws 
out  something  from  even  the  chloride  of  copper  alone. 
Too  much  importance  should  not,  however,  be  attached 
to  these  results,  as  the  reaction  between  the  chloride  of 
copper  and  the  steel  was  very  slow ;  and  as  acid  was  pre¬ 
sent,  and  it  was  imposible  to  keep  the  solution  agitated 
continuously,  it  is  probable  a  slight  loss  of  carbon  may 
have  occurred.  The  variation  in  the  duplicates  may 
possibly  be  accounted  for  in  this  way. 

Up  to  this  point  the  evidence  obtained  seems  to  indi¬ 
cate  : — 1st,  that  uncrystallised  double  chloride  made  from 
commercial  materials  probably  contains  carbonaceous 
matter  in  solution  ;  2nd,  that  this  may  come  partly  from 
the  chloride  of  copper,  and  partly  from  the  chloride  of  am¬ 
monium  ;  and  3rd,  that  crystallisation  is  probably  advan¬ 
tageous  in  diminishing,  if  not  completely  removing,  this 
difficulty.  But  some  points  are  not  quite  certain,  and 
accordingly  the  following  experiments  were  undertaken  to 
throw  as  much  light  as  possible  on  the  subject. 

Commercial  chloride  of  copper  and  commercial  chloride 
of  ammonium  were  obtained  from  the  market.  These 
were  dissolved  in  hot  water  and  mixed  in  the  proportions 
to  give  a  salt  containing  one  molecule  each  of  the  two 
chlorides.  On  cooling  the  hot  solution  to  a  low  tempera- 
ture  a  large  crop  of  crystals  of  the  double  salt  was  obtained. 
The  mother-liquor  was  drained  off  from  these  crystals  and 
set  aside.  Also  a  portion  of  the  crystals  obtained  were 
rinsed  with  pure  water  and  set  aside.  The  remainder  of 
the  crop  of  crystals  was  again  dissolved  in  hot  water, 
evaporated  a  little,  and  cooled,  giving  a  second  crop  of 
crystals,  from  which  the  second  mother-liquor  was  drained 
off;  they  were  then  rinsed  with  pure  water.  The  first  and 
second  crop  of  crystals  were  then  each  dissolved  in  water, 
forming  nearly  saturated  solutions  at  ordinary  tempera¬ 
tures.  This  gave  three  solutions  to  work  with,  viz. : — 
(1)  The  mother-liquor  from  the  first  crop  of  crystals,  (2)  a 
solution  of  the  first  crop  of  crystals,  and  (3)  a  solution  of 
the  second  crop  of  crystals.  In  other  words,  solutions  of 
uncrystallised,  once  crystallised,  and  twice  crystallised 
double  chloride.  The  mother-liquor  solution  was  treated 
with  ammonia  sufficient  to  give  a  slight  precipitation,  and 
then  filtered  through  asbestos.  It  was  then  divided  into 
two  parts,  and  one  part  treated  with  HC1  to  the  amount 
of  5  per  cent.  The  part  treated  with  ammonia  alone  we 
will  call  basic  mother-liquor  and  the  other  acid  mother- 
liquor.  Three  combustions  each  were  made  with  these 
two  solutions,  using  the  same  steel  and  everything  else 
as  previously  described.  The  results  obtained  were  as 
follows : — 

Basic  Mother-liquor.  Acid  Mother-liquor. 

Per  cent.  Per  cent. 


No.  i  Carbon..  1-086  1-145 

„  2  „  ..  I'oSi  1-130 

„  3  -  ••  ro67  I'I5° 


Averages  ..  1-078 


1-142 


Two  results  are  quite  noticeable  in  these  figures  1st, 
The  acid  mother-liquor  gives  higher  results  than  any 
pievious  determination;  and,  2nd.  The  differences 
between  the  basic  and  acid  solutions  is  greater  than  in 
any  previous  case. 

The  second  solution,  viz.,  that  from  the  first  crop  of 
crystals,  was  divided  into  two  unequal  parts.  The 
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smaller  of  these  was  treated  with  ammonia  and  filtered  as 
previously  described,  forming  what  we  will  call  basic  first 
crystals.  The  other  part  was  filtered  through  asbestos 
and  divided  into  two  parts,  one  of  which  was  treated  with 
acid,  as  above  described,  and  will  be  called  acid  first 
crystals.  The  otherpart  was  left  withoutfurthertreatment, 
and  will  be  called  neutral  first  crystals. 

Three  combustions  each  were  made  with  these  three 
solutions,  showing  as  follows  : — 


Basic  First 

Neural  First 

Acid  First 

Crystals. 

Crystals. 

Crystals. 

Per  cent. 

Per  cent. 

Per  cent. 

No.  1  Carbon 

I'026 

I'029 

1-070 

>i  2  )> 

1*017 

i’°34 

I-o8l 

)>  3  >) 

1-031 

1-029 

I-o82 

Average 

1-027 

1-031 

1-077 

The  marked 

diminution 

in  the  amount 

of  carbon 

between  the  mother-liquor  and  the  first  crop  of  crystals  is 
very  noticeable.  In  the  basic  results  the  difference  is 
o’05i  per  cent,  and  in  the  acid  results  the  difference  is 
0-065  per  cent.  It  will  also  be  observed  that  there  is  a 
slight  difference  between  the  basic  and  neutral. 

With  the  second  crop  of  crystals  only  basic  and  acid 
combustions  were  made,  the  solutions  being  obtained  as 
previously  described.  The  results  obtained  were  as 


follows  :  — 

Basic  Second 
Crystals. 

Acid  Second 
Crystals. 

No.  1  Carbon 

..  i-oi6 

1-049 

)>  2  11 

..  1-028 

1-056 

n  3  11 

..  1-023 

1-052 

Average  . . 

..  1-023 

I-052 

These  results,  taken  in  connexion  with  what  precedes, 
are,  to  our  minds,  exceedingly  interesting.  The  marked 
diminution  in  the  amount  of  carbon  obtained  with  the 
second  crystals  over  the  mother-liquor,  especially  in  the 
acid  solutions,  cannot  fail  to  be  noticed,  and  this  would 
seem  to  indicate  that  double  chloride  made  from  com¬ 
mercial  materials  without  crystallisation  contains  carbon¬ 
aceous  matter.  This  point  would  seem  to  be  settled  if  it 
were  not  for  the  doubt  whether  the  double  chloride  does 
not  dissolve  some  of  the  separated  carbon.  Upon  this 
point  no  positive  data  have  yet  been  obtained.  Two 
points  further  seem  worthy  of  note,  (ist.)  The  basic 
first  and  second  crop  of  crystals  give  practically  the  same 
results,  while  the  acids  do  not.  And  (2nd.)  The  farther 
away  from  the  mother-liquor,  the  nearer  the  results  from 
the  basic  and  acid  treatment  come  together.  To  our 
minds  these  fads,  together  with  what  precedes,  seem  to 
indicate  that  possibly  the  commercial  material  contains 
dissolved  cellulose,  and  that  crystallisation  diminishes  the 
amount  of  this,  so  that  with  the  material  used  in  the 
above  experiments,  once  crystallising  diminished  the 
amount  of  cellulose,  so  that  the  basic  liquid  retained  in 
solution  what  was  left,  since  alkaline  oxide  of  copper  is  a 
well-known  solvent  of  cellulose,  while  the  acid  solution, 
even  of  the  twice  crystallised  salt,  still  gives  up  a  little 
cellulose  to  the  carbon  sponge. 

In  the  special  ground  covered  by  Dudley  in  a  study  of 
the  release  of  the  carbon,  the  results  of  which  are  given 
quite  at  length  above,  the  services  of  Dudley’s  principal 
assistant,  Mr.  F.  N.  Pease,  have  been  found  of  the  greatest 
value.  He  made  all  the  combustions,  and  his  suggestions 
have  been  most  pertinent  and  useful. 

A  few  attempts  have  been  made  to  estimate  the  carbon 
in  the  Ex.  Standards  by  methods  not  employing  double 
chlorides,  but  with  not  much  success. 

Langley  had  proposed  dissolving  the  steel  in  a  hot 
solution  of  copper  sulphate  made  as  nearly  neutral  as 
possible,  then  filtering  and  burning  the  mixed  copper  and 
carbon  sponge  in  oxygen.  (American  Association  Ad¬ 
vancement  of  Science,  vol.  xxiv.,  1875.) 

1  his  method  occasionally  gives  too  low  results,  because 
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of  the  impossibility  of  being  sure  that  the  last  particles  of 
steel  are  dissolved.  Dudley  made  the  following  trials  on 
the  Ingot  Standard. 

CuS04  was  ignited  to  remove  possible  organic  matter, 
then  dissolved  and  filtered.  The  solution  was  made  as 
neutral  as  possible,  and  allowed  to  stand  on  the  steel 
several  days.  Result: — 

Carbon .  i-oii  per  cent. 

i)  . °’972  ,, 

Then  to  300  c.c.  of  the  sulphate  solution  was  added 
15  c.c.  HC1.  The  attack  of  the  steel  was  rapid,  but  some 
gas  was  evolved.  Result : — 

Carbon .  1-002  per  cent. 

.  i'036  „ 

,,  • .  ..  ••  ••  I'oqo  ,, 

He  then  tried  attacking  the  steel  by  solid  silver  chloride 
under  water,  and  burning  the  silver  and  carbon  sponge. 
Result  on  Hammered  Standard  : — 

Carbon . 0796  per  cent. 

Langley  made  two  determinations  by  putting  the  steel 
diredtly  into  the  chromic-sulphuric  acid  mixture,  without 
previous  treatment  by  chlorides.  Result  on  Hammered 
Standard : — 

Carbon . 0788  percent. 

>>  0790  ,, 

In  this  case  more  gas  was  evolved  than  what  corre¬ 
sponded  to  the  C02.  It  was  found  that  methane  would 
pass  through  the  boiling  chromic  mixture  without  sensible 
oxidation  ;  therefore,  some  of  the  carbon  of  the  steel  may 
have  escaped  in  union  with  hydrogen. 

Summary. 

The  conclusions  here  presented  are  not  those  of  the 
committee  in  their  official  capacity.  They  are  the  views 
provisionally  held  by  the  members  whose  work  is  given 
above. 

1.  The  combustion  of  carbon  in  a  porcelain  tube  in  a 
stream  of  purified  oxygen,  when  the  precautions  indicated 
are  used,  gives  sensibly  accurate  results. 

2.  If  the  carbon  contains  chlorine  it  is  desirable  to  use 
a  coil  of  metallic  silver  in  the  combustion  tube,  and  it  is 
apparently  also  essential  to  use  some  solution  of  silver, 
preferably  the  sulphate,  in  the  purifying  train. 

3.  The  chromic  acid  method  is  capable  of  burning  all 
the  carbon  used.  If  this  carbon  also  contains  chlorine, 
then  it  is  essential  to  use  some  deoxidant  in  the  purifying 
train,  preferably  pyrogallic  acid  with  oxalate  of  potash  ; 
also  a  liquid  silver  absorbent  must  follow  the  deoxidising 
tube.  Under  these  conditions  this  method  gives  sensibly 
accurate  results. 

4.  The  use  of  a  small  quantity  of  LIC1  in  a  solution  of 
the  double  chloride  of  copper  and  ammonium  invariably 
gives  higher  results  than  when  a  neutral  solution  is  em¬ 
ployed. 

5.  There  is  no  evidence  that  the  substitution  of  KC1  for 
NH4CI  in  the  double  chloride  is  of  any  advantage. 

6.  The  most  important  discovery  made  by  the  com¬ 
mittee  in  this  work  pertains  to  the  variable  adtion  of  the 
double  chloride  solutions.  This  apparently  throws  doubts 
on  the  reliability  of  all  carbon  determinations  previously 
made  by  this  reagent,  since  they  show  variations  on  the 
same  steel  lying  between  i-oi6  and  1-150. 

When  the  degree  of  acidity  is  kept  constant,  the 
apparent  quantity  of  carbon  found  is  affedted  by  the  mode 
of  preparation  of  the  double  chloride,  by  its  age,  and  by 
the  number  of  times  it  has  been  crystallised. 

7.  A  carbon  sponge  derived  from  a  double  chloride 
solution  does  not  appear  to  lose  any  carbon  by  drying  at 
a  temperature  under  1003  C.,  but  loses  if  the  heat  is  higher. 
The  problems  now  before  the  committee,  as  suggested  by 
the  above  results,  are  : — The  determination  of  carbon  in 
steel  by  some  diredt  process  not  involving  the  use  of 
double  chloride ;  the  diredt  combustion  of  finely  divided 
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metal  in  oxygen  or  chromic  acid  is  one  of  these,  or  by 
fusion  in  a  mixture  of  bisulphate  and  bichromate  of 
potash. 

The  determination,  if  possible,  whether  a  neutral  or 
alkaline  double  chloride  liquid  may  not  dissolve  a  portion 
of  the  carbonaceous  residuum,  and  thus  lead  to  results 
which  are  too  low. 

The  determination  whether  the  addition  of  acid  simply 
prevents  this  tendency,  or  whether  the  use  of  acid  may 
not  favour  the  separation  of  pre-existing  organic  matter 
in  the  liquid,  and  its  retention  by  the  carbon  sponge,  thus 
leading  to  results  which  are  too  high, 

The  investigation  of  the  cause  of  the  influence  of 
repeated  crystallisations  of  the  double  chloride  on  the 
apparent  quantity  of  carbon. 

Finally,  it  is  to  be  presumed  that  many,  if  not  all  of  the 
above  points,  have  attra&ed  the  attention  of  other 
analysts:  and  the  committee  will  be  glad  to  learn  of  the 
results  and  experience  of  others  along  these  lines. 


PHOSPHORUS  IN  PIG-IRON,  STEEL,  AND 
IRON  ORE.* 

By  CLEMENS  JONES,  Hokendauqua,  Pa. 
(Concluded  from  p.  222). 


Mr.  Emmerton  remarks  that  the  “  port-wine  ”  colour  is 
evidence  of  only  incipient  oxidation.  On  the  contrary, 
this  oxidation  is  very  appreciable.  It  is  only  otherwise 
ii.e.,  the  molybdous  acid  oxidises  slowly),  as  shown  by 
Wernecke,  when  completely  reduced. 

The  colour  of  these  solutions,  as  ordinarily  diluted,  is 
always  olive-green.  By  using  the  redudtor  this  colour  is 
invariably  obtained.  The  following  result  from  a  piece  of 
iron  shows  that  it  is  applicable  to  very  high  phosphorus 
iron  : 

Weight.  KMn04.  Correftion.  Phosphorus. 

Grms.  C.c.  C.c.  Per  cent. 

0-5033  177-35  °'°5  4'227 

The  colour  of  this  solution  was  almost  opaque  until 
diluted.  It  was  reduced  instantly. 

Dr.  Drown’s  method  I  have  found  capable  of  being 
modified  to  great  advantage.  A  large  number  of  trials 
were  made  in  strict  accordance  with  the  method  as 
described,  but  neither  the  organic  salts  nor  the  acids  gave 
acceptable  results.  Suspeding  the  trouble  to  lie  in  the 
use  of  these  I  substituted  ferrous  sulphate,  which  has  the 
advantage  of  dissolving  the  manganic  oxide  immediately 
and  being  simultaneously  oxidised.  But  the  drawback  to 
its  use  was  that  a  correction  for  phosphorus  had  to  be 
applied.  None  of  the  samples  of  ferrous  sulphate  received 
from  a  number  of  sources  as  “  strictly  C.P.”  were  even 
low  in  phosphorus.  .  . 

Messrs.  Baker  and  Adamson,  of  Easton,  Pa.,  kindly 
offered  to  experiment,  and  have  succeeded  in  making  the 
salt  free  from  phosphorus.  This  was  used  in  all  of  the 
determinations  following. 

The  temperature  of  90°  C.  was  also  found  to  be  too  high, 
molybdic  acid  precipitating  in  consequence.  By  adhering 
to  85°  C.,  as  recommended  by  Mr.  Emmerton,  this  was 
overcome.  Certain  irons,  high  in  manganese  or  fine 
graphite,  cannot  be  easily  oxidised  before  filtration.  It  is 
advisable  always  to  test  the  solution  with  a  few  drops  of 
KMn04,  before  adding  the  molybdate  solution. 

The  method  for  pig-iron  and  steel  now  stands  as 
follows : — 

Dissolve  in  nitric  acid  of  1-135  specific  gravity,  accord¬ 
ing  to  Dr.  Drown  ;  allow  the  solution  to  boil  one  minute, 
then  add  the  solution  of  potassium  permanganate  ;  after 
Mn02  appears  add  a  few  small  crystals  of  ferrous  sul¬ 
phate.  Filter  solution  into  flask  ;  add  sufficient  NH4OH 
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(o-go  specific  gravity) ;  when  solution  clears  up  add  a  few 
drops  of  KMn04,  to  insure  oxidation,  again  dissolving  if 
necessary.  At  85°  C.  add  to  the  solution  75  c.c.  ammonic 
molybdate  solution  (Dr.  Drown’s  formula),  and  agitate 
violently  for  five  minutes.  Filter  in  Bunsen  filter-flask, 
and  wash  thoroughly  with  ammonic  sulphate,  observing 
all  the  precautions  indicated  by  Mr.  Colby.  Dissolve  the 
yellow  phospho-molybdate  in  ammonia  (0-96  specific 
gravity),  without  pundluring  paper ;  wash  once  or  twice 
with  water,  suck  dry,  and  remove  flask  and  stopper  to 
suitable  bell-glass.  Pour  the  ammonia  solution  into  small 
beaker,  washing  out  flask  with  water  three  times.  Place 
this  flask  under  the  bell-jar,  and  again  filter  the  ammonia 
solution  into  it,  this  time  washing  paper  thoroughly  with 
water.  Wash  the  zinc  in  the  redudtor,  as  required  for 
ferric  solutions  ;  then  add  30  c.c.  to  50  c.c.  sulphuric  acid 
(1-32  specific  gravity)  to  the  ammoniacal  solution,  and 
filter  through  the  redudtor  by  strong  sudtion,  washing  the 
same  as  indicated  for  ferric  solutions  and  titrate  as  usual. 
The  correction  for  zinc  is  obtained  as  described.  I  have 
made  determinations  in  this  way  in  half-an-hour.  The 
following  results  were  obtained  in  the  above  manner  : — 
The  first  is  a  “standard  steel”  which  has  been  re¬ 
peatedly  tried  by  various  chemists.  The  phosphorus  is 
considered  to  be  between  0-064  and  0-065.  Below  is  a 
table  giving  the  former  results  and  the  methods  employed, 
the  chemists  being  indicated  by  letters. 


No.  4768. — Standard  Steel. 


Chemist. 

Phosphorus. 
Per  cent. 

Method. 

A 

0-063 

Emmerton. 

J  i 

0-064 

n 

t  ♦ 

0-065 

1 9 

B 

0-063 

a 

0-065 

it 

C 

0-063 

Not  given. 

tf 

0-065 

it 

It 

0-065 

it 

D 

0-0603 

it 

E 

0-061 

Weighs  yellow  ppt. 

F 

o-o666 

Magnesia  method. 

1 1 

0-0650 

it 

it 

0-0651 

Weigh  yellow  ppt.  original. 

G 

o-o66o 

it  . 

H 

o-o6i 

Magnesia  method. 

n 

0-065 

Titration  of  solution  from  the 
same  NH4MgP04. 

This  steel  yielded,  by  the  method  I  have  above  de¬ 
scribed,  the  following  results  : — 


Weight  taken. 
Grms. 
3-1264 
3-1267 


KMnCV  Correction. 
C.c.  C.c. 

16-89  0-05 

16  -86  0-05 


Phosphorus. 
Per  cent. 
0-0646 
0-0645 


The  following  determination  was  made  in  fifty  minutes 
from  the  start : — 


Weight  taken.  KMn04,  Correction.  Phosphorus. 
Grms.  C.c.  C.c.  Per  cent. 

3-5014  1852  0-05  0-0633 

Value  of  1  c.c.  KMn04,  0-00012  grm.  phosphorus. 


A  sample  of  Swedish  pig-iron  was  tried  in  like  manner. 
The  former  determinations  were  : — 


No.  5009. 

Method.  Phosphorus. 

Per  cent. 

Emmerton  .  0-023 

„  00-23 

„  0-023 

„  0-023 

Magnesia  Gravimetric .  0-023 

i)  0  .  O0"22 

This  gave  the  following  by  my  method  : — 

Weight.  KMii04.  Correction.  Phosphorus. 

Grms.  C.c.  C.c.  Percent. 

3-5187  6-87  0-05  0-0232 
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A  second  determination  completed  in  fifty  minutes,  P 
=  0‘024. 

The  method  was  also  applied  to  iron  ore.  This  was 
dissolved  in  hydrochloric  acid  (ri2  sp.  gr.)  and  filtered. 
The  filtrate  was  evaporated  with  nitric  acid  in  the  usual 
way.  The  residue  was  fused  with  excess  of  sodium  car¬ 
bonate,  and  then  dissolved  in  the  original  beaker  in  dilute 
sulphuric  acid  and  water.  This  solution  was  added  to 
the  nitric  acid  solution,  which  was  transferred  to  a  flask, 
oxidised  with  potassium  permanganate,  and  then  treated 
like  the  iron  solution. 

No.  4995. — Rubio  Ore. 

Former  Determination.  Phosphorus. 

Per  cent. 

Emmerton  Method,  residue  not  fused  ..  ..  0-012 

,,  ,,  ,,  fused  ..  ..  o-oii 

I.  By  method  described  above  .  o-oi3 

II.  In  way  described  for  results,  Nos.  4260 — 

61,  this  ore  gave .  o’Oii8 

Another  Bessemer  ore,  of  which  the  former  determina¬ 
tions  were  as  follows  : — 


No.  5008. 

Emmerton  Method,  not  fused 

»>  . 


Gave  the  results  by  the  methods  referred  to 
in  No.  4995,  I.  and  II. — 

I.  Method . 


Phosphorus. 
Per  cent. 
0‘0i6 

o-oi6 

ofoi6 


0-017 

o-oi8 


There  is  no  loss  of  time  in  fusing  the  residue  by  this 
plan,  and  it  is  a  desirable  precaution  under  any  circum¬ 
stance. 

In  pig-iron  or  steel  arsenic  and  titanium  interfere  with 
the  accuracy  of  the  rapid  method.  The  former  must 
always  be  separated,  and  retards  the  process  materially. 
In  fact,  the  presence  of  arsenic  may  be  regarded  as  an 
obstacle  to  the  determination  of  phosphorus  by  any 
method. 

Titanium,  probably  as  titanomolybdate,  has  an  apparent 
influence  on  the  determination  of  phosphorus  by  the  rapid 
method.  When  the  Emmerton  method  of  evaporating  the 
original  solution  to  hard  dryness  is  used,  this  influence  is 
lessened,  but  if  titanium  be  present  in  any  appreciable 
amount  the  results  are  vitiated.  The  following  case  by 
each  method  is  a  good  example: — 


IV.  Dissolve  the  Mn02  with  ferrous  sulphate  (a  few 
grains  usually). 

V.  Filter  into  flask  (500  c.c.  capacity). 

VI.  Add  10  c.c.  NH4OH  (sp.  gr.  0-90),  or  nearly  neu¬ 

tralise. 

VII.  Test  for  oxidation  (III.  and  IV.)  This  is  done 

while  solution  is  heating. 

VIII.  Add  75  c.c.  molybdate  solution  at  85°  C.,  and 
shake  vigorously  for  five  minutes. 

IX.  Filter  and  wash  with  ammonic  sulphate. 

X.  Dissolve  in  NH4OH  (sp.  gr.  0-96).  Observe  pre¬ 
cautions. 

XI.  Add  30  to  50  c.c.  sulphuric  acid  (1  :  2  water)  and 
filter  through  redudtor,  observing  precautions 
mentioned  {Trans.,  xvii.,  414  ) 

X.  Titrate. 

Rapid  Method  for  Iron  Ores. 

I.  Dissolve  in  hydrochloric  acid  (1  :  12  sp.  gr.) 

II.  Filter.  Evaporate  filtrate  with  nitric  acid  (1  :  20 

sp.  gr.). 

III.  Fuse  residue  with  excess  of  sodium  carbonate,  and 

dissolve  in  dilute  sulphuric  acid  (1  :  2  water). 
Combine  solutions  when  the  filtrate  with  nitric 
acid  is  ready.  Then  proceed  as  above  from 

III.  to  end. 

An  accurate  determination  of  phosphorus  in  pig-iron 
01  steel,  in  cases  uncomplicated  by  arsenic  or  titanium, 
can  thus  be  made  in  less  than  an  hour.  For  iron  ore  but 
little  more  time  will  be  necessary. 

The  three  vital  conditions  of  the  volumetric  method, 
solution,  oxidation,  and  redudtion,  by  visible  reactions,  give 
the  method  great  advantages  over  any  other.  From  the 
number  of  trials  made  with  it  the  conclusion  seems  un¬ 
avoidable  that,  compared  with  the  “  magnesia  ”  method, 
the  results  are  quite  as  accurate  and  certainly  more  closely 
accordant.  The  prinbiples  are  corredt,  and  I  believe  that 
the  method  can  be  demonstrated  to  possess  all  the  requi¬ 
sites  for  filling  the  difficult  role  of  a  standard  method. 

I  wish  to  acknowledge  my  indebtedness  to  Dr.  Drown, 
Mr.  A.  L.  Colby,  and  Mr.  Porter  Shimer  for  samples  and 
valuable  information. 


ON  THE 

VARIATION  OF  THE  DENSITY  WITH 
THE  CONCENTRATION  OF  WEAK  AQUEOUS 
SOLUTIONS  OF  CERTAIN  SALTS* 


No.  4706. — Pig-Iron  {containing  Titanium). 

Phosphorus. 
Per  cent. 


By  Mr.  Shimer,  Mb-Mg  method  . 0-659 

By  the  Emmerton  method,  modified  as  in  3680- 

81-82 . 0-649 

By  the  Emmerton  method . 0-643 

By  the  ,,  0-654 

By  the  ,,  0-650 

By  the  ,,  0-647 

By  Rapid  Method  . 0-726 

By  „  . 0-719 


It  may  not  be  amiss  to  refer  to  the  importance  of  using 
a  freshly  prepared  solution  of  the  molybdic  acid,  which 
should  stand  twenty-four  hours  at  least  before  use.  Dr. 
Drown’s  formula  {Trans.,  xviii.),  has  given  the  best  result 
after  several  years’  trial.  The  solution  must  be  filtered 
through  asbestos  as  required. 

A  summary  of  the  procedure  may  be  found  convenient : — 

Rapid  Method  for  Pig-Iron  or  Steel. 

I.  Dissolve  in  60  c.c.  nitric  acid  (sp.  gr.  1-135). 

II.  Boil  one  minute  (after  adtion  ceases). 

III.  Add  5  c.c.  potassium  permanganate  (or  until  Mn02 
precipitates). 


By  Prof.  J.  G.  MacGREGOR,  D.Sc. 
(Concluded  from  p.  224). 


Iron  Sulphate. — FeS04. 
Observer: — The  author. 

Temperature: — 20°  C. 

Formula: — D20  =  0-99827  +  0-0099486^. 


Percentage  of 
anhydrous  salt 
in  solution. 

0-8461 

1- 3618 

2- 4060 
26064 


Observed 
density  at  20°  C. 
Grms.  per  c.c. 

1-00666 

1-01183 

102229 

1-02420 


Calculated 
density  at  20°  C. 
Grms.  per  c.c. 

1-00669 

1-01182 

I  '02221 
I-02420 


Difference. 

+  0-00003 

—  O-OOOOI 

—  0-00008 
0-00000 


For  solutions  of  iron  sulphate,  therefore,  the  above 
formula  holds  up  to  and  beyond  a  concentration  of  2'6 
per  cent. 

Copper  Sulphate. —  CuS04. 

Observer : — Gerlach.f 
Temperature  :  — 180  C. 

Formula  : — DI8  =  o-99866  +  o-oo98427  p. 


*  From  the  Trans.  Roy.  Soc.  Canada. 

1  Fres.,  Zeit.  f.Analyt.  Chem,  viii.  (1869),  p.  279;  Landolt  U, 
Bornstein’s  Phys.  Chem.  Tabellen,”  p.  147. 
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Percentage  of 

Observed 

Calculated 

anhydrous  salt  density  at  180  C.  density  at  180  C. 

Difference. 

in  solution. 

Grms.  per  c.c. 

Grms.  per  c.c. 

0-6390 

1-00495 

1-00495 

O'OOOOO 

1-2781 

1-01124 

I-OII24 

0-00000 

I"9I7I 

1-01764 

rol753 

4-o'ooon 

2-5561 

1-02403 

1-02382 

4-0-00021 

3-1952 

1-03052 

1-03011 

4-0-00041 

Thus,  according  to  Gerlach,  the  limit  of  concentration 
within  which  the  above  formula  applies  is  somewhat  less 
than  2  per  cent. 


Cadmium  Sulphate. — CdS04. 
Observer Grotrian.* 

Temperature: — 18°  C. 

Formula  : — 018  =  0-998664-0-0097329  p. 

Percentage  of  Observed  Calculated 

anhydrous  salt  density  at  180  C.  density  at  180  C. 
in  solution.  Grms.  per  c.c.  Grms.  perc.c. 


0‘282 

I'OII 

5‘08 


1-0015 
I  '0085 
1-0495 


1-00141 

1-00850 

1-04810 


Difference. 

—  0-00009 
0-00000 

—  0-00140 


These  experiments  are  hardly  sufficient  for  our  purpose. 
Nevertheless  they  seem  to  show  that  in  the  case  of  this 
salt  the  formula  holds  up  to  a  concentration  of  about  3 
per  cent. 

Aluminium  Sulphate. — A12(S04)3. 

Observer : — Hassenfratz.-f 
Temperature  : — 12-50  C. 

Formula  : — DI2-5  =  0-99949 4-0-0092083  p. 


Percentage  of 
anhydrous  salt 
in  solution. 

°'5I37 

1- 0274 

I'54I° 

2- 0547 

2-5684 


Observed 
density  at  12-5°  C. 
Grms.  per  c.c. 

1-00418 

1-00888 

1-01368 

1-01838 

1-02307 


Calculated 
density  at  12. 50  C. 
Grms.  per  c.c. 

1-00422 

1-00895 

1-01368 

1-01841 

1-02314 


Difference. 

4-  0-00004 
4-0-00007 
o-ooooo 
4-0-00003 
4-0-00007 


These  results  show  the  formula  to  hold  up  to  a  con¬ 
centration  of  2-5  per  cent.  According  to  Reuss,^;  as  re¬ 
ported  in  the  Beibldtter  zu  den  Annalen  der  Physik  und 
Chemie,  Bd.  ix.  (1885),  p.  309,  the  density  of  aluminium 
sulphate  solutions  for  concentrations  ranging  from  1  to 
25  per  cent  of  salt  (whether  anhydrous  or  crystallised  is 
not  stated)  in  solution,  may  be  represented  by  the 
formula — 

Di5  =  1-007  +  °’01  P- 

Now  we  know  that  for  p  =  o,  0x5  =  0-99915.  Hence  either 
this  formula  is  inadequate  or  the  law  of  the  variation  of 
density  with  concentration  is  very  different  for  solutions 
containing  between  o  and  1  per  cent  of  salt  from  what  it  is 
for  solutions  containing  between  1  and  25  per  cent. 
Possibly  the  curve  showing  the  relation  between  density 
and  concentration  is  so  slightly  curved  that  the  densities 
of  solutions  within  the  given  limits  of  concentration  may 
be  expressed  by  the  above  formula  to  three  places  of 
decimals. 

Potash  Alum. — A1K(S04)2. 

Observer: — The  author. 

Temperature: — 20°  C. 

Formula : — D2o  =  o-gg827 4-0-0095187  p. 

Percentage  of  Observed  Calculated 

anhydrous  salt  density  at  200  C.  density  at  20°  C.  Difference, 
in  solution.  Grms.  per  c.c.  Grms.  per  c.c. 


0-7215  1-00512 

0-7438  i ’00535 

1-7260  1-01465 


1-00514 

1-00535 

1-01470 


4-0-00002 

0-00000 

4-0-00005 


According  to  these  experiments  the  above  formula 
holds  up  to  a  concentration  of  at  least  1-7  per  cent. 


*  Weid.  Ann.,  xviii.  (1883),  p.  191. 
t  Ann.  de  Chim.,  xxviii.  (1799)  p.  296. 
t  Chem,  Ber.,  xvii.  (1884),  p  3888. 


The  following  observations  were  made  by  Gerlach*  on 
solutions  of  this  salt  at  17-50  C.  The  calculated  densities 
are  obtained  from  the  formula — 


017.5  =  0-99875  4-0-009397  p. 

Percentage  of 

Observed 

Calculated 

anhydrous  salt 

density  at 

density  at 

in  solution. 

i7’5°  c. 

Grms.  per  c.c. 

17-5°  c. 

Grms.  per  c.c. 

Difference, 

2-1792 

roig23 

1-01923 

O'OOOOO 

4-3584 

1-04020 

1-03971 

—  0-00049 

The  comparatively  small  difference  between  the  ob¬ 
served  and  calculated  density  for  a  solution  containing 
4-36  per  cent  of  anhydrous  salt,  makes  it  probable  that 
the  simple  proportionality  of  excess  of  density  of  solution 
over  density  of  water  to  concentration  holds  up  to  a  con¬ 
centration  of  about  2'5  per  cent. 

Potassium  Sulphate. — K2S04. 

Observer : — Hassenfratz.j 
Temperature  : — 12-5°  C. 

Formula : — DI2'5  =  0-99949  4-0-008595  p. 


Percentage  of  Observed  den.  Calculated  den. 
anhydrous  salt  at  i2'5°  C.  at  12-5°  C. 
in  solution.  Grms.  per  c.c.  Grms.  per  c.c. 


1  1-00808  i-oo8o8 

2  1-01658  1-01658 

3  1-02517  1-02527 

4  i’°3377  1-03387 


Difference. 

0-00000 

0-00000 

4-0-00010 

-fo-oooio 


The  following  is  another  series  of  observations  of  solu¬ 
tions  of  the  same  salt : — 


Observer  : — Gerlach.  + 

Temperature  : — 150  C. 

Formula  : — 0x5  =  0-999154-0-00816  p. 


Percentage  of  Observed  Calculated 

anhydrous  salt  density  at  150  C.  density  at  15°  C. 
in  solution.  Grms.  perc.c.  Grms.  per  c.c. 


I  1-00735  1-00731 

3  1-02363  1-02363 

5  1-04022  I"03995 


Difference. 

—  0-00004 
0-00000 

—  000027 


The  above  sets  of  observations  agree  in  showing  that 
the  excess  of  the  density  of  solutions  of  this  salt  over  that 
of  water  at  the  same  temperature  is,  for  solutions  which 
do  not  contain  more  than  about  2-5  per  cent  of  anhydrous 
salt,  diredtly  proportional  to  the  percentage  of  anhydrous 
salt  which  they  contain. 


Sodium  Sulphate. — Na2S04. 
Observer : — Gerlach. § 

Temperature  :  — 150  C. 

Formula  :— DIS  =  0  99915 4-0-0091267  p. 


Percentage  of 
anhydrous  salt 
in  solution. 

1 

2 

3 

4 

5 

6 


Observed 
density  at  15°  C. 
Grms.  per  c.c. 

1-00824 

1-01734 

1-02653 

1-03562 

1-04491 

1-05410 


Calculated 
density  at  15°  C. 
Grms.  per  c.c. 

1-00827 

1-01740 

1-02653 

1 -03565 

1-04478 

I’°539I 


Difference. 

4-0-00003 

4-0-00006 

o-ooooo 

4-0-00003 

—  0-00013 

—  o-oooig 


These  experiments  would  seem  to  show  that  the  above 
formula  holds  in  the  case  of  sodium  sulphate  for  solutions 
containing  from  o  to  4  per  cent  of  anhydrous  salt.  The 
following  are  other  observations  with  the  same  salt : — 


*  Beibldtter  aim.  phys.  Chem.,  xi.  (1887),  p.  217. 

+  Ann.  de  Chim.,  xxviii.  (1799),  p.  296. 

t  Gerlach’s  “  Speofische  Uewichte  der  gebraiichlichsten  Salzlo- 
sungen  Freiberg,  1859;  and  “  Jahresbericht  u.  Fortschritte  d. 
Cbem.,”  1859. 

§  Fresemus,  Zeit.  f.analyt.  Chem.,  viii.  (1869),  p.  279;  and  Lan- 
dolt  u.  Bornstein  s  Phys. -chem,  Tabellen  "  (1883).  ' 


234 


Chemical  A  rithmetic . 
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Observer : — Ostwald.* 

Temperature  : — 15°  C. 

Formula  : — D15  =  o*gggi5  +  o*oo9i875  /. 

Percentage  of  Observed  Calculated 

anhydrous  salt  density  at  150  C.  density  at  15°  C.  Difference, 
in  solution.  Grms.  per  c.c.  Grms.  per  c.c. 

2  1*0176  I'oi753  —  0*00007 

4  1*0359  1*03590  o*ooooo 


Thus  Ostwald’s  experiments  give  the  same  result. 

Caustic  Potash.  —  KHO. 

Observer : — Thomsen,  f 
Temperature  : — 18°  C. 

Formula : — Di8  =  o-gg866  +  o  0093717/. 

Percentage  of  Observed  Calculated 

anhydrous  salt  density  at  180  C.  density  at  180  C.  Difference, 
in  solution.  Grms.  per  c.c.  Grms.  per  c.c. 

1*5344  roi304  1*01304  o*ooooo 

3*0224  1*02702  1*02698  —000004 

5*8674  1*05359  1*05364  +0*00005 

The  following  are  other  observations  with  the  same 
substance : — 

Observer : — Kohlrausch.J 
Temperature  :  — 150  C. 

Formula  : — Dis  =  o*99gi5  +  o*oog2959  p. 

Percentage  of  Observed  Calculated 

anhydrous  salt  density  at  150  C.  density  at  15°  C. 
in  solution.  Grms.  per  c.c.  Grms.  per  c.c. 

4*19  1*0381  1*0381 

8+2  1*0778  1*0774 

Thomsen’s  experiments  show  that  in  the  case  of  solu¬ 
tions  of  caustic  potash,  even  up  to  a  strength  of  more  than 
5  per  cent,  excess  of  density  over  that  of  water  is  practi¬ 
cally  proportional  to  the  percentage  of  salt.  Kohlrausch’s 
results  substantiate  Thomsen’s  ;  for,  as  is  seen  above,  a 
formula  in  which  k  is  chosen  so  that  the  density  given  by 
it  is  exadt  for  /  =4*19,  gives  a  density  for/  =  8+2,  which 
is  not  very  far  wrong. 


Difference 

0*0000 
—  0*0004 


Caustic  Soda. — NaHO. 

Observer  — Thomsen. § 

Temperature  : — 18°  C. 

Formula : — Dj8  =  o*gg866  +  o*oi4563. 

Percentage  of  Observed  Calculated 

anhydrous  salt  density  at  180  C.  density  at  180  C.  Difference, 
in  solution.  Grms.  per  c.c.  Grms.  per  c.c. 

0*8528  1*01105  1*01108  +0*00003 

1*6871  1*02323  1*02323  0*00000 

3*3023  1*04719  1*04675  -0*00044 

The  formula  therefore  holds  for  solutions  of  strengths 
ranging  up  to  about  2  per  cent,  but  not  for  solutions  of 
greater  strength.  Caustic  soda  thus  differs  in  a  marked 
manner  from  caustic  potash. 

The  above  are  the  only  salts  for  which  I  have  been  able 
to  obtain,  or  to  find,  data  to  determine  the  limits  of  con¬ 
centration  within  which  formulae  of  the  above  kind  hold 
— within  which,  in  other  words,  the  concentration- 
density  curves  of  their  solutions  are,  to  the  fourth  place 
of  decimals,  straight  lines.  In  the  case  of  most  salts, 
the  weakest  solutions,  whose  densities  have  been  ex¬ 
amined,  are  already  beyond  the  limits  referred  to. 

The  table  given  below  contains  a  list  of  the  values  of  k 
found  above  for  the  various  salts  examined. 

It  will  be  noticed  that  in  most  cases  the  values  of  k  do 
not  differ  from  one  another  to  any  considerable  extent. 
Now,  A  is  the  rate  of  increase  of  the  density  with  the 
strength  of  a  solution  when  its  strength  is  but  small; 
hence,  the  densities  of  dilute  solutions  of  these  salts  in¬ 
crease  with  their  strength  at  rates  which  do  not  differ 


*  Journ.  f.  prakt.  Chemie,  xxii.  (1S80),  p.  305. 

+  11  Thermo-chemische  Untersuchungen,”  Bd.  i .,  p.  47. 
;  Wcid.  Ann.,  vi.  (1879),  p.  21. 

§  “  Thermo-chemische  Untersuchungen,”  Bd.  i,,  p,  47. 


greatly  in  the  case  of  the  different  salts  ;  or,  in  other 
words,  the  concentration-density  curves  of  sufficiently 
dilute  solutions  of  these  salts  are  not  only  pradtically 
straight  lines,  but  are  nearly  equally  inclined  to  the  axis 
of  concentrations. 


Substance 


Temperature.  k. 


Observer. 


ZnS04 

20*0°  C. 

0*0103918 

The  author. 

MgS04  . . 

20*0 

0*0106324 

»» 

JJ  •  • 

23*0 

0*0098176 

Scbiff. 

FeS04.. 

20*0 

0*0099486 

The  author. 

CdS04 

18*0 

0*0097329 

Grotrian. 

CuS04 

18*0 

0*0098427 

Gerlach. 

A12(S04)3  . . 

125 

0*0092083 

Hassenfratz. 

A1K(S04)2  .. 

20*0 

0*0095187 

The  author. 

k2so4..  .. 

15*0 

0*0081600 

Gerlach. 

n  •  •  •  • 

12*5 

0*0085950 

Hassenfratz. 

Na2S04 

15*0 

0*0091875 

Ostwald. 

»»  •  • 

15*0 

0*0091267 

Gerlach. 

KHO  ..  .. 

18*0 

0*0093717 

Thomsen. 

NaHO.,  .. 

18*0 

0*0145630 

NOTICES  OF  BOOKS. 


Chemical  Arithmetic.  Part  I.  A  Collection  of  Tables, 
Mathematical,  Chemical,  and  Physical,  for  the  Use  of 
Chemists  and  Others.  By  W.  Dittmar,  LL.D., 
F.R.S.E.  (London  and  Edinburgh),  Professor  of  Che¬ 
mistry  in  the  Glasgow  and  West  of  Scotland  Technical 
College.  Glasgow:  W.  Hodge  and  Co. 

Whether  the  title  of  this  work  is  quite  appropriate  or 
not,  it  differs  broadly  from  two  works  which  have  recently 
come  under  our  notice.  Part  I.,  now  before  us,  is,  ac¬ 
cording  to  the  author,  a  new  edition  of  his  “  Tables  to 
Facilitate  Chemical  Calculations,”  though  with  changes 
and  additions.  He  aims  at  supplying  the  chemist, 
scientific  and  technical,  with  a  “  colleftion  of  what  he 
needs  of  mathematical  auxiliaries,  and  of  chemical  and 
physical  constants,”  and  that  without  going  further. 

We  scarcely  see  that  any  apology  is  needed  for  the 
utilisation  of  logarithm  tables.  Such  matter  has  by  this 
time  become  common  property,  and  he  who  makes  use  of 
it  is  surely  not  open  to  the  charge  of  “  piracy.”  In 
such  tables  Dr.  Dittmar’s  work  is  rich.  There  are  two 
tables,  Nos.  1  and  2,  of  three-place  logarithms,  a  table 
of  four-place  and  one  of  five-place  logarithms. 

Then  follow  a  table  of  formula-values  of  a  number  of 
substances  and  radicles,  and  their  logarithms. 

The  table  headed  “  Analytical  Fadtors  and  their 
Logarithms  ”  is  for  the  purpose  of  calculating  from  the 
weight  of  a  substance  found,  as  the  result  of  some  analyti¬ 
cal  process,  the  weight  of  some  constituent  required,  e.g., 
found,  barium  sulphate  ;  required,  sulphuric  acid.  We  do 
not  see  that  the  table  here  given  is  as  convenient  as  that 
found  in  Rose’s  “  Quantitative  Analysis.” 

There  are,  in  addition,  certain  enipirica  fadtors,  e.g.,  in 
connedlion  with  the  chloroplatinate  method  for  deter¬ 
mining  potassium  and  ammonium  ;  and  for  the  determina¬ 
tion  of  sugars  by  means  of  Fehling’s  solution. 

We  have  also  tables  for  gas,  volumetric  determinations 
for  nitrogen,  carbonic  acid,  nitric  acid,  and  oxygen. 

In  the  comparison  between  the  metric  and  the  British 
systems  of  weights  and  measures,  the  author  proposes  the 
fluid  gramme  as  a  more  convenient  unit  for  the  measure¬ 
ment  of  liquids  than  the  c.c.  or  the  litre.  This  unit 
designates  the  volume  at  15°  C.  of  a  quantity  of  water, 
the  uncorredted  weight  of  which,  determined  in  air  at  150 
C.  and  760  m.m.  pressure  by  means  of  brass  weigbtse 
=  1  grm.  Prof,  de  Koninck  proposes  to  use  the  name 
“  Mohr”  for  ioco  fluid  grms.,  and  “  millimohr  ”  for  the 
fluid  grm.  itself.  The  author  remarks  that  “what  in 
commercial  volumetric  apparatus  figures  as  c.c.  litr ,, 
comes,  as  a  rule,  nearer  to  our  fluid  grm.  and  litre  respec¬ 
tively,  than  to  the  ostensible  units.” 
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We  cannot  help  remarking  that  the  British  system 
loses  much  of  its  apparent  complexity  if,  as  units,  we 
confine  ourselves  to  the  grain  and  the  grain  measure,  with 
their  multiples  and  sub-multiples,  rigorously  eliminating 
cubic  inches,  drachms,  scruples,  ounces,  and  minims. 

In  the  table  of  Hydrometer  Scales,  the  author  gives 
only  two  of  the  varieties  of  Baume’s  scale,  not  to  speak  of 
the  arbitrary  fluctuations  which  it  experiences  in  the 
hands  of  careless  glass-blowers. 

Further  sections. of  the  work  are  taken  up  with  the  rela¬ 
tions  between  specific  gravity  and  percentage  of  solution 
in  a  number  of  solutions;  corrections  of  weighings;  the 
reduction  of  the  specific  gravities  for  solids  and  liquids  ; 
calibration  of  volumetric  apparatus;  gas  -  analysis ;  gas- 
absorption  ;  and  thermometry. 

To  all  persons  concerned  with  the  study  of  general 
chemistry,  or  of  chemical  physics,  this  work  cannot  be  too 
strongly  recommended. 


Book  A  ;  oy,  Arithmetical  Chemistry.  Part  I.  By  C.  T. 

Woodward,  B.Sc.  London  :  Simpkin,  Marshall,  and 

Co.  Birmingham  :  Cornish  Bros. 

This  little  book,  in  many  respeCts,  reminds  us  of  its  com¬ 
panion  volume  “Book  D;  or,  Arithmetical  Physics,” 
which  it  became  our  duty  to  notice  a  few  weeks  ago.  The 
“  General  Preface  ”  in  both  is  admittedly  the  same,  and  is 
substantially  a  “  defence  of  examination  questions  ” ; 
consequently,  our  remarks  on  that  treatise  must  apply  to 
the  one  before  us. 

In  the  “  Introduction,”  however,  we  find  a  passage 
which  must  command  approval.  Says  Mr.  Woodward 
“  Then  came  a  period  in  which,  at  any  rate  to  those  who 
were  guided  by  the  requirements  at  South  Kensington,  a 
complete  and  unfortunate  reversal  took  place.  This  was 
the  age  of  graphic  formulae,  when,  owing  to  the  necessity 
of  turning  out  an  article  to  bring  the  highest  price  to  the 
producer,  both  teachers  and  students,  intent  on  fitting 
“  bonds  ”  in  order  to  satisfy  the  examiners,  were  apt  to 
ignore  the  experimental  evidence  upon  which  the  laws  of 
chemical  combination  rest.” 

This  quotation  shows  how  little  examiners  are  to  be 
trusted.  It  is  not  too  much  to  say  that  at  the  time,  re¬ 
ferred  to  by  the  author  a  student,  even  if  he  were  a 
rival  of  Mendeleeff  in  the  philosophy  of  chemistry,  if  his 
analytical  skill  were  equal  to  that  of  Fresenius,  or  his 
success  in  effecting  novel  and  interesting  syntheses  on  a 
level  with  that  of  Baeyer,  still,  lacking  the  power  of 
playing  at  the  game  of  bonds,  would  have  been 
ignominiously  rejected.  That  such  could  be  the  case  is,  i 
of  course,  a  fresh  count  in  the  indictment  of  the  examina¬ 
tional  system  to  which  officialism  clings  so  devotedly, 
whilst  the  nation  looks  on  in  apathy. 

Much  of  the  matter  here  to  be  found  is,  in  substance, 
what  was  formerly  taught  as  stoechiometry. 


Inorganic  Chemistry  :  the  Chemistry  of  the  Non-Metals. 

By  J.  Oakley  Beuttler,  M.A.  London:  Relfe 

Brothers. 

Here  is  an  addition  to  the  numerous  array  of  elementary 
works  on  chemistry.  The  author  restricts  himself  to  a 
consideration  of  the  non-metals,  possibly  intending  to 
treat  of  the  metals  in  a  future  volume. 

The  object  of  the  book  is  strictly  examinational.  We 
are,  indeed,  told  in  the  preface  that  “  these  notes  have 
been  compiled  to  cover  the  ground  required  by  the 
London  Matriculation  Examination,  the  Cambridge 
Local  Examining  Board,  and  the  Science  and  Art  Depart¬ 
ment.”  But,  we  cannot  help  asking,  are  there  not 
manuals  already  in  existence  which  cover  this  ground, 
and,  if  so,  cut  bono  ? 

In  the  first  chapter,  the  author  defines  an  element  as 
“  that  substance  which  cannot  be  split  up  any  further.” 
It  would  surely  be  safer  to  say  which  hitherto  has  not 
been  split  up  any  further.  Mr.  Beuttler  apparently 


recognises  only  sixty  four  elements,  and  gives  the  atomic 
weights  not,  in  all  cases,  according  to  the  most  recent 
and  accurate  determinations.  Thus,  the  atomic  weight 
of  gold  is  here  stili  stated  to  be  lower  than  that  of 
platinum. 

In  the  occurrence  of  the  non-metals  in  nature,  the 
leader  is  told  that  sulphur  occurs  in  volcanic  districts, 
and  “  combined  with  various  ores.”  Would  it  not  have 
been  bettei  to  say  “  combined  with  metals  forming  various 
ores  .  ?  The  presence  of  carbon  in  the  form  of  carbonic 
acid  in  many  minerals,  and  that  of  phosphorus  in  apatite, 
vivianite,  &c  ,  is  omitted. 

The  account  given  (on  p.  26)  of  the  reaftion  produced 
on  dropping  a  piece  of  sodium  into  water  is  scarcely 
satisfadtory,  as  we  find  no  mention  of  the  oxygen  liberated 
from  the  water. 

Gn  pp.  32  and  33  we  find  the  account  of  the  uses  of 
chlorine  given  twice. 

Graphite,  we  lead,  is  obtained  from  mines  of  Cumber¬ 
land.  Far  larger  quantities  are  now  raised  in  Ceylon  and 
Siberia. 

It  is  in  these  days  incorredt  to  say  that  fuming  sul- 
phutic  acid  is  “  principally  manufadtured  at  Nordhausen, 
in  Saxony.” 

The  preparation  of  free  fluorine  and  its  properties  have 
been  omitted. 

The  notice  of  Marsh’s  arsenic  test  is  obscure.  Mr. 
Beuttler  writes :  “  Add  pure  zinc  and  sulphuric  acid, 

light  the  arseniuretted  hydrogen,  and  a  grey  ring  will  be 
deposited  or  a  cold  piece  of  porcelain  inserted  in  the 
flame.”  This  passage  can  only  be  understood  by  reading 
on  instead  of  or.  & 

Five  hundred  grms.  of  potassium  nitrate  (p.  118)  are  to 
be  strongly  heated  until  it  is  entirely  converted  into 
“  potassium  nitrate.”  The  chemist  will  at  once  see  that 
here  potassium  nityite  must  be  meant  in  the  second  place  • 
but  will  the  “  ordinary  pupil  ”  see  his  way  out  of  the  diffi¬ 
culty  ? 

This  book  would  be  much  improved  by  revision  in 
which  some  needless  repetitions  should  be  cancelled,  and 
various  typographical  errors  eliminated.  If  more  ex¬ 
aminational  manuals  are  needed,  they  should,  at  least  be 
corrett.  ’ 


CORRESPONDENCE. 


THE  ALCOHOL  TEST  FOR  CASTOR  OIL. 


To  the  Editor  of  the  Chemical  News. 

SlR>~ The  criticisms  and  observations  by  Mr.  J  Arthur 
Wilson  in  Chem.  News,  vol.  Ixii.,  p.  215,  have  all  been 
anticipated.  In  every  reprint  of  the  British  Pharmacopoeia 
issued  in  and  since  1886,  castor  oil  has  been  stated,  cor¬ 
rectly ,  to  be  soluble  in  four  times  its  volume  of  spirit  of 
wine— of  course,  of  the  official  strength  and  at  the  official 
temperature. 

Draper,  Cripps,  Allen,  and  Conroy  have  all  preceded 
Wilson  in  drawing  attention  to  the  fa<fi  that  the  extent  of 
the  solubility  depends  either  on  the  amount,  the  strength 
or  the  temperature  of  the  spirit.  —  I  am,  &c.,  °  ’ 

The  Annual  Reportrr  on  the  Pharmacopoeia 
to  the  Medical  Council. 

17,  Bloomsbury  Square,  London, 

November  3,  i8qo. 


Assaying.— Mr.  W.  Heinemann  will  issue  in  a  few 
days  a  new  edition  of  Brown’s  “  Manual  of  Assaying  Gold 
Silver,  Copper,  and  Lead  Ores.”  The  work  has  been  re-’ 
vised,  corrected,  and  considerably  enlarged  ;  and  a  chapter 

°n  thce  A0SSayVng  °f  FuelS)  hy  Dr<  A>  B •  Griffiths,  F.R.S.E., 
.0.0.,  &C,,  has  been  added.  1  he  book  contains 
pages,  crown  8vo.,  and  is  illustrated  with  89  figures. 
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Note. — All  degrees  of  temperature  are  Centigrade  unless  otherwise 
expressed. 

Comptes  Rendus  Hebdomadaires  des  Seances,  de  l' Academie 
des  Sciences.  Vol.  cxi.,  No.  15,  October  13,  1890. 

Combinations  of  Mercury  Cyanide  with  the  Salts 
of  Lithium. —  Raoul  Varet. —  The  compounds  here 
described  are  mercury  lithium  iodocyanide,  and  the  cor¬ 
responding  bromine  and  chlorine  salts. 

Researches  on  the  most  Suitable  Conditions  for 
the  Preparation  of  Mono-isobutylamine  on  the  Large 
Scale. — M-  Malbot. —  The  author  has  shown  that  the 
different  terms  of  the  amines  are  not  produced  simul¬ 
taneously,  according  to  the  equations  of  Hofmann,  but 
successively  by  a  series  of  transformations,  the  totality  of 
which  forms  the  progression  of  the  amines. 

On  a  General  Procedure  for  the  Synthesis  of  the 
Nitriles  and  the  /3-Ketonic  Ethers. — L.  Bourcault. — 
This  memoir  is  not  adapted  for  abstraction. 

On  the  Presence  and  the  Disappearance  of 
Trehalose  in  Mushrooms.  —  E.  Bourquelot. —  The 
author’s  experiments  show  that  the  disappearance  of 
trehalose  is  really  connected  with  the  vegetation  of  the 
mushroom,  and  takes  place  much  more  rapidly  than  it  has 
been  supposed.  They  explain  why  the  chemists  who 
have  analysed  Lactarius  piperatus  have  merely  found 
mannite. 


Moniteur  Scientifique,  Quesneville. 

Series  4,  Vol.  iv.,  April,  1890. 

Explosives  without  Smoke. — Sir  F.  Abel. — A  dis¬ 
course  delivered  before  the  Royal  Institution. 

On  the  Sensitiveness  of  certain  Explosives  to 
Percussion. — A.  Werner  Cronqueit. — From  Chemical 
Industry. 

Novel  Applications  of  the  OleorefraCtometer.  —  E. 
H.  Amagat  and  F.  Jean. — According  to  the  investigations 
made  on  behalf  of  the  “  Societe  des  Agriculteurs  ”  of 
France,  this  instrument  may  be  successfully  applied  to 
the  detection  of  sophisticated  butters,  oils,  &c. 

New  Method  of  Analysis  Applicable  to  Industrial 
Waters  which  have  to  undergo  a  Chemical  Purifica¬ 
tion,  and  to  Feed-waters  for  Steam  Boilers. — Leo 
Vignon. — In  order  to  determine  the  elements  of  chemical 
purification,  or  the  anti-incrustation  agents,  it  is  sufficient 
to  determine  the  free  or  the  half-combined  carbonic  acid, 
and  to  determine  the  quantity  of  sodium  carbonate  neces¬ 
sary  to  convert  the  soluble  salts  of  calcium  and  magne¬ 
sium  into  carbonates  which  are  chemically  neutral.  . 

Determination  of  Potassa  and  Humus  in  Soils. —  ' 
J.  Raulin. — (Already  inserted  ;  Chem.  News,  vol.  lxi.,  p.  ' 
154). 

Industrial  Production  of  Aluminium  Alloys  by 
Electric  Action. — H.  J.  Dagger. — From  the  Chemical 
News. 

The  Colourations  of  Tempered  Steel.  —  Thomas 
Turner. — From  Proceedings  of  Birminghan  Philosophical 
Society. 

Magnesium  Bronze. — H.  N.  Warren. —  From  the 
Chemical  News. 

Contribution  to  the  Study  of  Mineral  Oils  for 
Lubrication. — Aug.  Lunkler  (Dingler's  Polyt.  Journal). 
— This  long  essay  does  not  admit  of  useful  abstraction. 

Ozokerite. — Platz  (Zeit.  Angew.  Chetnie). — The  author 
condemns  the  method  of  extracting  ozokerite. 

Researches  on  Narcotine.  —  W.  Roser.  —  From 
Liebig's  Annalen. 


Purification  of  Coal-gas  by  Means  of  Oxygen. — W. 
A.  Valon  (Chemiker  Zeitung). — An  account  of  the  process 
as  tried  at  Ramsgate. 

Constitution  of  Antipyrine. — G.  Patein. — This  com¬ 
pound  is  now  considered  not  as  dimethyloxyquinizine, 
but  as  phenyldimethylpyrazolene. 

New  Method  of  Determining  Uric  Acid  in  Urine. 
—  Dr.  Bayrac. — This  memoir  requires  the  accompanying 
illustration. 

On  the  Analysis  of  Slates. — F.  Reverdin  and  Ch.  de 
la  Harpe. — The  destruction  of  slates  is  due  to  three 
causes  :  two  of  them  chemical  in  their  nature,  and  one — 
the  most  important — physical.  These  are  : — The  chemical 
aCtion  of  atmospheric  agents,  —  the  least  important ; 
(2)  the  chemical  aCtion  of  gases  emanating  from  the  wood¬ 
work  of  the  roof ;  (3)  the  physical  aCtion  due  to  unequal 
thermic  conduction.  The  chemical  aCtion  is  exerted 
on  surfaces  only,  and  renders  the  material  pulverulent. 
The  physical  aCtion  extends  to  the  entire  mass  and  multi¬ 
plies  the  surfaces  capable  of  being  attacked  by  chemical 
influences. — Chemiker  Zeitung. 

Conditions  in  which  Portland  Cement  cannot  Set. 
— Schiffner  ( Chemiker  Zeitung).—'  Cement  mortar  kept 
covered  and  moist  for  twenty-seven  days  hardened  per¬ 
fectly.  If,  after  being  mixed,  it  is  preserved  from  moisture 
it  remains  soft  and  friable. 

On  the  Ramie  Fibre. — J.  Arnaudon.  —  If  ramie  is  pre¬ 
pared  with  tannin  and  red  liquor  it  dyes  up  much  better 
with  oranges,  ponceaux,  and  bordeau,  and  the  colour  is 
not  removed  by  washing. 

Silks  Dyed  and  Weighted  ( Romew's  Journal). — For 
practising  this  fraud  upon  coloured  silks,  there  is  used  an 
extract  of  gall-nuts  or  of  sumac,  and  the  silk  is  then  dyed 
with  aniline  colours.  Pure  whites,  and  light  shades,  can¬ 
not  be  obtained  in  this  manner. 

A  New  Process  of  Bleaching. — Dr.  Kassner  ( Romew's 
Journal). — As  an  oxidising  agent,  the  inventor  proposes 
a  mixture  of  potassa  and  potassium  ferricyanide.  The 
ferrocyanide  formed  is  re-oxidised  to  ferricyanide  as  fol¬ 
lows  : — A  solution  of  sodium  carbonate  is  heated  with  cal¬ 
cium  plumbite ;  the  precipitate  and  lead  bi-oxide  is  sus¬ 
pended  in  the  exhausted  ferrocyanide,  heated,  and  a  cur¬ 
rent  of  carbon  dioxide  from  a  coke  furnace  is  passed  into 
the  liquid.  Ferricyanide  is  re-formed,  and  a  mixture 
of  lead  and  calcium  carbonate  is  deposited. 


Journal  fur  Praktische  Chetnie. 

New  Series,  Vol.  xli.,  Part  8. 

Contributions  to  a  Knowledge  of  the  Analogies 
existing  between  Keton  Acids  and  Sulphone-carbon 
Acids. — Adalbert  Rossling. — The  principal  results  of 
these  results  are: — 1.  The  (3  sulphone-carbon  acids  do 
not  undergo  an  acid  splitting.  2.  The  metal  atom  of  the 
sodium  phenyl-sulphonacetester  cannot  be  substituted  by 
acid  residues.  Substituted  esters  containing  an  acetyl 
and  a  sulphone  group  on  the  same  carbon  atom  cannot  be 
obtained  by  the  adion  of  sodium  benzolsulphinate  upon 
mono-  and  dichloracetacetic  esters.  3.  The  adion  of 
iodine  upon  sodium  phenylsulphone  acetester  in  pre¬ 
sence  of  water  in  alcoholic  solution  gives  rise,  not  to  a 
diphenylsulphonised  succinic  ester,  but  only  to  iodmethyl- 
phenylsulphone.  The  formatiou  of  mono-  and  diphenyl¬ 
sulphonised  succinic  acid  cannot  be  effeded  by  the  adion  of 
abenzenesulphinate  upon  mono-  and  di-bromsuccinic  acid. 
Chloroxalic  ester  ads  upon  sodium  benezenesulphinate 
almost  exclusively,  with  the  formation  of  carbonic  acid, 
benzenedisulphoxide,  and  oxalic  diethylester ;  there  is 
also  formed  a  small  quantity  of  phenyl-sulphonketonic 
ester.  Nitrous  acid  produces  from  phenyl  sulphonacetic 
acid  r  compound  (C6H5S02)2NH0,  with  a  simultaneous 
spliuing  off  of  carbonic  acid  and  oxidation  of  the 
me  hylene  group.  Concentrated  nitric  acid  produces 
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rom  phenyl-sulphonacetic  acid  phenyl-nitroso-sulphon , 
C6H5S02N0,  with  abscission  of  carbon  dioxide  and 
oxidation  of  the  methylene  group. 

Parts  9  and  10. 

The  Constitution  of  the  Cobalt  Bases. — S.  M. 
Jorgensen. — This  memoir,  though  very  interesting,  does 
not  admit  of  abstraction. 

On  Meta-Diamine  Compounds. —  S.  M.  Jorgensen. 
— We  find  here  an  account  of  ethylene  diamine-dichloro- 
praseo  cobalt  platinous  chloride,  ethylene  diamine  dichloro- 
praseo  cobalt  bromide,  the  corresponding  dibromo-praseo 
cobalt  bromide,  ethylene  diamine  dibromo-praseo  cobalt 
bromide  hydrogen  bromide,  ethylene  diamine  dibromo- 
praseo  cobalt  nitrate,  ethylene  diamine  dibromo-praseo 
cobalt-platinum  chloride,  ethylene  diamine  dibromo-praseo 
cobalt  mercuric  chloride,  ethylene  diamine  dichloro-violeo 
cobalt  chloride,  and  a  number  of  other  analogous  com¬ 
pounds  of  the  purpureo-cobalt  bases. 

On  the  a  dichlor  Substitute  of  Symmetrical  Di- 
methylsuccinic  Acid. — R.  Otto  and  G.  Hest. — The 
results  of  the  experiments  detailed  are:  —  It  is  not 
possible  to  convert  the  a-dichlor  acid  dimethylsuccinic 
acid  into  a  geometrically  isomeric  compound  by  means  of 
its  anhydride.  The  anhydride  of  the  a-dichlor  acid 
dimethylsuccinic  acid  can  be  converted  into  the  ammo¬ 
nium  salt  of  the  a  dichlor  acid  dimethyl  succinaminic 
acid  by  alcoholic  ammonia.  On  heating  an  aqueous 
■solution  (a)  of  the  alkali  salt,  or  on  heating  the  free  acid 
with  water  in  a  tube  to  120°  ( b ),  there  are  produced  a- 
methyl-/i-chlorcrotonic  acid  and  methylethylketone.  If 
heated  with  strong  hydrochloric  acid  to  I40°-I50°  in  a 
tube  a-methyl  /3-chlorcrotonic  acid  yields  no  addition 
produd  of  HC1,  but  at  once  splits  off  C02,  a  dichlortulan 
being  probably  formed. 

Researches  from  the  Laboratory  of  the  University 
of  Freiburg. — These  comprise  the  following  memoirs  : — 
On  the  mixed  fatty-aromatic  ketones  and  their  oxidation 
by  permanganate,  by  Ad.  Claus.  On  acetone  chloroform, 
chlor-isobutyric  trichloride,  and  acetone-chloroform  ether, 
by  C.  Willgerodt  and  Schiff.  On  the  stereo-chemistry  of 
the  compounds  of  the  elements  of  the  nitrogen  group,  by 
C.  Willgerodt. 


Revue  Generale  des  Sciences  Pures  et  Appliques. 

Vol.  i.,  No.  18,  September  30,  1890. 

Lavoisier  according  to  M.  Berthelot. — L.  Olivier. — 
This  paper  is  in  some  sort  a  reply  to  the  discourse  of 
Professor  Thorpe,  delivered  at  the  late  meeting  of  the 
British  Association.  M.  Olivier  asserts  that  Professor 
Thorpe  has  merely  revived  “  the  ancient  quarrel  between 
sagacious  inventors  (he  means  discoverers)  of  particular 
fads  and  the  men  of  genius  who  discover  general 
theories.”  [We  must  be  permitted  to  say  that  Professor 
Thorpe,  as  a  careful  and  conscientious  perusal  of  his 
address  will  show,  has  neither  done  nor  attempted  such  a 
task.  His  great  objed  has  been  to  rebut  the  claim  set  up 
on  behalf  of  Lavoisier  as  the  first,  or  at  least  as  an  inde¬ 
pendent,  discoverer  of  oxygen,  and  the  assertion  that  the 
composition  of  water  had  been  “  prepared  by  Cavendish 
and  realised  by  Lavoiser,”  and  in  this  rebutter  he  is  per- 
fedly  successful].  M.  Olivier  disclaims,  on  behalf  of 
Lavoisier,  the  priority  in  the  use  of  the  balance  and  the 
authorship  of  the  saying  that  “  nothing  is  lost  and 
nothing  created.” 

Methyl  Saccharine,  a  new  Sugary  Matter. — 
Kronberg. — This  compound  is  a  higher  homologuo  of  the 
“saccharine”  of  Fellberg  and  Remsen.  The  group  com¬ 
mon  to  the  two  compounds  is — 


Odober  15,  1890. 

The  Liquation  of  the  Alloys  of  Gold  and  Platinum. 
— E.  Matthey. — Translated  from  the  Proceedings  of  the 
Royal  Society. 


MISCELLANEOUS. 

The  Reorganisation  of  the  Royal  School  of  Mines. 
— Our  readers  will  doubtless  have  learned  from  the  morning 
papers  that,  by  the  Queen’s  command,  the  “Normal 
School  of  Science”  and  the  “  Royal  School  of  Mines” 
will  in  future  be  known  as  the  “  Royal  College  of 
Science.”  We,  however,  wish  it  to  be  clearly  understood 
that  for  the  future,  as  in  the  past,  those  who  pass  in 
mining  and  metallurgy  will  receive  the  Associateship  of 
the  “  Royal  School  of  Mines."  The  distindive  charader 
of  the  Associateship  will  thus  be  unequivocally  retained. 

The  New  Professor  of  Chemistry  at  the  University 
of  Aberdeen. — A  meeting  of  the  Aberdeen  University 
Court  was  held  on  Odober  29th  to  appoint  a  Professor  of 
Chemistry,  vice  the  late  Professor  Carnelley.  Dr.  Francis 
R.  Japp,  Ph.D.,  F.R.S.,  Assistant  Professor  of  Chemistry 
at  the  Royal  College  of  Science,  South  Kensington,  was 
unanimously  eleded.  The  new  Professor,  who  is  forty- 
two  years  of  age,  is  a  Master  of  Arts,  and  Honorary 
Dodor  of  Laws  of  the  University  of  St.  Andrews,  and  a 
Dodor  of  Philosophy  of  the  University  of  Heidelberg, 
where  he  studied  inorganic  chemistry  for  three  years 
under  Professor  Bunsen.  He  subsequently  studied  organic 
chemistry  for  a  year  and  a  half  under  Professor  Kekule,  of 
Bonn,  and  worked  in  the  laboratory  of  Professor  Crum 
Brown,  in  Edinburgh.  Twelve  years  ago  he  became  a 
member  of  the  teaching  staff  of  the  South  Kensington 
Science  Schools,  where,  in  1881,  he  was  appointed  to  the 
newly-created  assistant  professorship  of  chemistry.  He 
is  the  foreign  secretary  of  the  Chemical  Society,  and  has 
served  on  the  Council  of  the  Institute  of  Chemistry  of 
Great  Britain  and  Ireland.  He  has  contributed  a  number 
of  memoirs  to  the  Journal  of  the  Chemical  Society,  and  is 
the  author  Of  several  articles  in  the  revised  editions  of 
“  Watts’  Didionary  of  Chemistry.”  We  may  mention 
that  Dr.  Japp  was  a  candidate  for  the  chair  when 
Professor  Carnelley  was  appointed. 
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ON  THE  PHOSPHORESCENCE  OF  LITHIUM 
COMPOUNDS  IN  VACUO,  AND 
THE  SPECTRA  OF  COATED  TERMINALS. 

By  E.  E.  BROOKS. 

Having  noticed  the  great  brilliancy  with  which  certain 
lithium  compounds  phosphoresce,  when  examined  by  Mr. 
Crookes’s  method  in  the  negative  discharge  in  vacuo,  it 
may  perhaps  be  of  some  interest  to  state  the  results  ob¬ 
tained. 

Lithium  sulphate  gave  a  bright  lilac-blue  glow. 

Lithium  phosphate  was  equally  brilliant,  the  colour 
being  a  light  Cambridge  blue. 

Lithium  Chloride. — Pale  lavender-blue,  only  moderate 
brilliancy. 

Lithium  Fluoride. — Very  light  flesh-coloured  glow, 
about  equal  to  the  chloride  in  brilliancy. 

Lithium  Silico-fluoride.— Deep  blue,  with  darker  spots, 
but  not  so  brilliant  as  the  somewhat  similar  phos¬ 
phorescence  of  the  sulphate. 

Lithium  phosphate  fused  with  sodium  carbonate, 
gave  a  bright  emerald  -  green  glow,  which  existed  un¬ 
changed  for  a  second  or  two  after  circuit  was  broken,  and 
then  faded  quickly  away.  The  other  salts  above 
mentioned  appeared  to  have  no  residual  glow. 

The  nitrate,  carbonate,  and  hydrate  did  not  show  any 
signs  of  phosphorescence. 

Some  lithium  nitrate  was  fused  and  partly  volatilised 
in  vacuo,  and  the  glass  in  contadt  with  the  fused  salt 
received  an  opaque  enamel-like  coating,  apparently  un¬ 
affected  by  water  or  acids  ;  and,  when  the  tube  was  a^ain 
exhausted,  this  white  coating  exhibited  a  distinct  phos¬ 
phorescence,  similar  to,  but  more  yellowish  than,  the 
normal  phosphorescence  of  the  German  glass  tube. 

Of  the  lithium  minerals,  I  believ  e  spodumene  is  the  only 
one  mentioned  by  Mr.  Crookes.  This  gives  a  golden 
yellow  glow. 

Lepidolite  phosphoresces  with  very  great  brilliancy. 
The  colour  is  a  deep  red,  with  traces  of  blue. 

_  Petalite  is  also  exceptionally  brilliant,  glowing  with  a 
rich  yellow,  like  a  live  coal. 

The  speCtra  of  all  the  above  salts  and  minerals  are  con¬ 
tinuous,  only  showing  a  concentration  of  light  in  certain 
parts  of  the  speCtrum. 

Rubellite  and  indicollite  did  not  phosphoresce,  and 
amblygonite  gave  only  slight  traces  of  a  whitish  glow. 

While  working  with  lithium  salts,  certain  peculiarities  ( 
were  noticed,  which  led  to  extended  experiment,  but,  at 
present  it  is  only  intended  to  give  a  brief  preliminary  notice  ) 
of  the  results  obtained.  It  was  found  that  when  a  plate  of 
aluminium  or  platinum  was  ccated  with  a  thin  layer  of  a 
lithium  salt,  either  by  fusion  or  merely  lying  loosely  upon 
it,  and  then  made  the  negative  terminal  in  vacuo,  it  glowed 
with  a  conspicuous  red  light,  the  speCtrum  of  which  con¬ 
sists. of  two  lines,  red  and  orange,  of  which  the  orange 
line  is  slightly  the  most  brilliant. 

By  direct  comparison,  the  red  line  was  found  to  coincide 
with  the  flame  line  of  lithium;  and,  although  a  similar 
test  has  not  yet  been  applied  to  the  orange  line,  which  is 
not  visible  in  the  flame  speCtrum,  it  is  most  probably  the 
well  known  y3-line  of  lithium. 

A  similar  effect  was  obtained  in  other  cases. 

A  terminal  coated  with  thallium  sulphate  gave  a  green 
line  which  coincided  with  the  green  thallium  flame  ltne. 

A  sodium  coating  gave  a  very  strong  D  line,  the  yellow 
glow  extending  some  distance  from  the  terminal. 


A  calcium  nitrate  coating  gave  the  orange  and  green 
bands  of  the  metal,  which  were  direCtly  compared  with 
the  flame  speCtrum. 

A  barium  nitrate  coating  gave  several  green  lines,  and 
an  orange  line  near  D. 

These  results  were  obtained  with  a  i-inch  spark  coil. 

Other  metals  gave  only  faint  speCtra,  or  none  at  all ; 
but  with  a  stronger  discharge  the  method  might  be  more 
successful. 

It  is  important  to  note  that  these  speCtra  almost  wholly 
disappear  in  a  high  vacuum,  and  are  only  well  seen 
through  a  comparatively  small  range  of  pressure.  The 
best  effects  are  obtained  when  the  dark  space  extends 
about  £-inch  from  the  terminal,  and  as  at  "this  pressure 
the  lines  due  to  the  gas  used  are  still  fairly  brilliant,  the 
two  speCtra  are  seen  together. 

Countess  Street,  Leicester. 


THE  DETERMINATION  OF  SULPHUR  IN 
COPPER. 

By  H.  JOSHUA  PHILLIPS,  F.C.S. 

Although  modern  refined  copper  is,  as  a  rule,  very  free 
from  sulphur,  yet  since  such  small  quantities  of  this  ele¬ 
ment  seriously  affeCt  the  physical  properties  of  the  metal, 
a  very  accurate  method  for  its  determination  becomes  im¬ 
perative. 

The  estimation  of  sulphur  in  a  nitrate  solution,  bv 
precipitation  with  barium  chloride  or  nitrate,  gives  results 
below  the  truth-owing  to  the  solubility  of  the  resulting 
basic  sulphate  in  the  solution  of  nitrate  of  copper,  and° 
indeed  appreciable  quantities  may  be  overlooked 
altogether  Good  results,  however,  can  be  obtained  in  a 
chloride  solution. 

The  following  is  the  process  used  by  the  writer 
Ten  gims.  of  the  sample  is  dissolved  in  pure  16  E  nitric 
acid  (-  sp.  gr.  1-42),  and  evaporated  to  dryness  on  the 
water-bath,  the  residue  is  taken  up  with  400  c.c.  of  E 
nitric  acid  solution  and  filtered,  if  necessary,  and  any 
residue  reserved,  The  filtrate  is  diluted  to  Soo  c.c.,  and 
heated  to  70  C.,  1  c.c.  of  5  E  HC1  is  added,  and  the  solu¬ 
tion  well  stirred  and  allowed  to  stand  in  a  dark  place 
for  twelve  hours.  The  supernatant  liquid  is  now  decanted 
,faflr  as  po| sitde  from  the  precipitate  of  silver  chloride, 
and  finally  filtered  and  washed,  and  the  silver  determined 
if  necessary,  in  the  usual  manner.  The  filtrate  is  now 
evaporated  nearly  to  dryness,  and  50  c.c.  of  pure  xo  E 
(  SP*  §r*  1  Ib)  adc^ec,  and  the  evaporation  con- 
tinued  to  complete  dryness.  The  residue  is  dissolved 
in  a  minimum 'quantity  of  water,  and  another  5o 
c.c.  of  10  E  HC1  added  and  again  evaporated  to 
complete  dryness  The  residue  is  dissolved  in  300 
c.c.  of  E  HC1  and  diluted  to  700  c.c.,  heated  to  boil- 
in°’  a„  2  c',c‘  baric  chloride  solution  added,  stirred 
and  allowed  to  stand  twenty  -  four  hours.  The  baric 
sulphate  is  then  filtered  off  and  treated  as  usual.  To 
test  the  method,  10  grms.  of  pure  eledrotype  copper,  free 
from  sulphur,  was  treated  as  above,  and  a  quantity  of 
copper  sulphate  added,  representing  o-i  per  cent  of  sul- 
phur  on  the  10  grms.,  and  the  result  obtained  gave  0*008 
per  cent  sulphur.  The  reserved  residue,  insoluble  in 
nitric  acid,  is  fused  and  tested  for  sulphur;  and,  if  any  is 
present,  it  is  estimated  and  added  to  the  portion  already 
found  in  solution.  y 

Usually,  the  amount  of  lead  present  in  a  copper  is  over 
and  above  the  theoretical  quantity  necessary  to  form  sul- 
phate  of  lead  with  the  proportion  of  sulphur  present  on 
treatment  with  nitric  acid,  and  one  might  expedt  the  sul¬ 
phur,  present  as  lead  sulphate,  to  be  practically  all  in  the 
insoluble  residue,  but  since  PbS04  is  so  soluble  in  the 
nitrate  of  copper  solution,  it  frequently  happens,  in  fairly 
pure  coppers,  that  the  whole  goes  into  solution,  and  hence 
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has  to  be  determined  by  some  such  method  as  the  fore¬ 
going. 

G.E.Ry.  Laboratory,  Stratford,  London,  E. 


THE  ACTION  OF  LIGHT  UPON  THE  DIAZO 
COMPOUNDS  OF  PRIMULINE  AND 
DEHYDROTHIOTOLUIDINE.* 

(A  Method  of  Photographic  Dyeing  and  Printing). 

By  ARTHUR  G.  GREEN,  CHARLES  F.  CROSS,  and 
EDWARD  J.  BEVAN. 

In  the  early  part  of  1887,  one  of  us  (Green)  discovered 
that  by  heating  paratoluidine  (2  mols.)  with  sulphur  (4  to 
5  atoms)  at  2000— 300°  C.  a  very  complex  amido  base  was 
obtained,  which,  on  treatment  with  fuming  sulphuric  at  a 
low  temperature,  was  converted  into  a  sulphonic  acid,  the 
alkaline  salts  of  which  were  easily  soluble  in  water,  and 
had  the  peculiar  property  of  dyeing  cotton  primrose  yellow 
from  an  alkaline  or  neutral  bath  without  the  use  of  a  mor¬ 
dant.  Further,  the  amido  compound  thus  fixed  upon  the 
fibre  could  be  diazotised  in  situ  by  passing  the  material 
through  a  weak  solution  of  nitrous  acid,  and  when  dia¬ 
zotised  could  be  combined  with  various  phenols  and 
amines,  thus  producing  a  variety  of  different  colours, 
which,  being  formed  within  the  fibre,  were  all  distinguished 
by  great  fastness  to  washing,  &c.  1  he  soluble  amido 

sulphonic  acid  was  named  “  Primuline  ”  by  its  discoverer, 
and  has  found  a  very  extensive  employment  in  cotton 
dyeing  ;  the  colours  produced  from  it  within  the  fibre  were 
called  “Ingrain  Colours.”! 

Although  the  chemical  constitution  of  primuline  base 
(of  which  primuline  is  the  mono-sulphonic  acid)  has  not 
yet  been  determined  with  certainty,  there  is  no  doubt  that 
it  is  a  condensed  derivative  of  dehydrothiotoluidine,  a  body 
which  always  accompanies  it  in  its  formation,  and  that  it 
differs  from  the  latter  in  exactly  the  same  way  as  dehydro¬ 
thiotoluidine  itself  differs  from  para-toluidine.  As  there 
is  scarcely  any  doubt  that  dehydrothiotoluidine  has  the 
formula — 

C6H3(CH3)/S\C.C6H4(NH2), 

j.?.,  is  an  amido-benzenyl-amido-thLcresol,  it  follows  tha* 
the  formula  of  primuline,  or  rather  of  its  chief  constituent’ 
isj  probably 

C6H3(CH3)<^^C.C6H3  <^^f^C.C6H3 

C.C6H3(S03Na)(NH2). 

In  a  similar  manner,  by  heating  meta-xylidine  or  pseudo- 
cumidine  with  sulphur,  homologues  of  primuline  are 
obtained,  which,  like  primuline  itself,  dye  cotton  without 
a  mordant,  and  can  be  diazotised  and  combined  with 
phenols  within  the  fibre. 

It  has  been  long  observed  by  one  of  us  (Green)  that  the 
diazo  compound  of  primuline  was  very  sensitive  to  the 
adtion  of  light,  being  readily  decomposed  thereby,  and 
losing  its  property  of  combining  with  phenols  and  amines. 
Upon  this  fadt  we  have  now  founded  a  photographic  pro¬ 
cess,  by  means  of  which  designs  can  be  produced  in  fast 
colours  upon  cotton,  silk,  wool,  linen,  or  other  fabrics.  It 
can  also  be  applied  to  wool,  xylonite,  celluloid,  paper,  or 
to  gelatin  films  upon  glass,  thus  affording  a  very  wide 
range  of  employment.  The  process,  which  is  a  very 
simple  one,  merely  depends  upon  the  fadt  that  if  a 
material  containing  diazotised  primuline  be  exposed  to 
light  under  a  design,  those  parts  which  are  adted  upon  by 
•light  will  be  decomposed,  whilst  the  parts  protedted  from 
the  light  will  remain  unaltered,  and  consequently,  on  sub- 

*  Read  before  the  British  Association,  Leeds  Meeting,  1890. 

t  A.  G.  Green,  Journ.  Soc.  Chem.  Ind.,  (1888),  p.  179. 

:  A.  G.  Green,  Journ.  Chem  Soc.,  (18S9),  p.  227;  Ber.,  22,  968;  P. 
Jacobson,  Ber.,  22,  330 ;  L.  Gattermann,  Ber.,  22,  422 ;  W.  Pfitzinger 
and  L.  Gatterman,  Ber.,  22,  1,063. 


sequent  development  with  a  phenol  or  amine,  will  produce 
colours,  whilst  the  decomposed  portions  will  not.  The 
details  will,  of  course,  depend  somewhat  upon  the  material 
to  be  treated.  As  an  instance  we  may  take  the  produdtion 
of  a  design  upon  cotton  cloth,  cotton  velveteen,  &c.  The 
material  is  first  dyed  with  primuline  from  a  hot  bath  con¬ 
taining  common  salt  until  the  required  depth  is  obtained. 
It  is  then  waffied  and  diazotised  by  being  immersed  for  a 
quarter  of  a  minute  in  a  cold  bath  containing  about  §  per 
cent  of  sodium  nitrite,  and  strongly  acidified  with  sul¬ 
phuric  or  hydrochloric  acid.  The  material  is  washed 
again  and  exposed  damp  (or  if  preferred  after  having  been 
dried  in  the  dark),  to  the  adtion  of  light  beneath  leaves, 
ferns,  flowers,  or  other  natural  objedts,  or  beneath  glass  or 
transparent  paper,  upon  which  may  be  painted  or  printed 
any  design  which  it  is  required  to  copy.  Either  the  arc 
eledtric  light  or  daylight  may  be  employed  ;  in  the  latter 
case  the  time  of  exposure  will  of  course  vary  with  the  in¬ 
tensity  of  the  light ;  under  half  a  minute  is  required  in 
bright  sunshine,  and  nearly  half-anhour  in  very  dark 
cloudy  weather.  When  the  decomposition  is  complete, 
which  may  be  readily  ascertained  by  means  of  a  test  slip, 
exposed  simultaneously,  the  material  is  removed  from  the 
light  and  either  passed  into  the  developing  bath  at  once, 
or  is  kept  in  the  dark  until  it  is  convenient  to  develop  it. 
The  developing  bath  consists  of  a  weak  solution  (J  to  £ 
per  cent)  of  a  phenol  or  amine  made  suitably  alkaline  or 
acid,  the  phenol  or  amine  employed  depending  upon  the 
colour  in  which  it  is  required  to  produce  the  design, 
thus : — 

For  red,  an  alkaline  solution  of  beta- napthol. 

,,  maroon,  ,,  beta  napthol-di-sulpho- 

,,  yellow,  ,,  phenol.  [nic  acid. 

,,  orange  ,,  resorcin. 

,,  brown,  a  solution  of  phenylene  diamine  hydro- 
chloiide. 

,,  purple,  ,,  n/^/m-naphthylamine  hydro¬ 

chloride. 

If  it  is  required  to  produce  the  design  in  two  or  more 
colours,  the  respective  developers,  suitably  thickened  with 
starch,  may  be  applied  locally  by  means  of  a  brush  or  pad. 
After  development  the  material  is  thoroughly  washed  and 
requires  no  further  fixing. 

Linen,  silk,  and  wool  are  treated  in  exadtly  the  same  way. 
Paper  for  copying  drawings,  &c.,  is  coated  on  the  surface 
with  primuline  by  means  of  a  brush  or  roller.  For  the 
produdtion  of  gelatin  films  upon  glass  the  primuline  is 
incorporated  with  the  gelatin  before  being  applied  to  the 
glass. 

In  place  of  ordinary  primuline  the  homologues  already 
mentioned  may  be  used  ;  for  silk  and  wool  the  primuline 
may  be  replaced  by  dehydrothiotoluidine-sulphonic  acid, 
by  means  of  which  colourless  backgrounds  may  be 
obtained. 

Concerning  the  readtion  which  occurs  when  the  diazo- 
primuline  or  the  diazo-dehydrothiotoluidine  is  decomposed 
by  light,  we  cannot  at  present  say  anything  definite,  except 
that  the  diazo  group  is  completely  destroyed,  for  on  treat¬ 
ment  with  sodium  hydrosulphite  (true  hyposulphite),  it 
cannot  be  converted  into  the  amido-group  (re-forming 
primuline  or  dehydrothiotoluidine).  The  readtion  may 
consist  in  a  replacement  of  the  N2  group  by  OH  or  by  H, 
or  may  be  even  more  complex.  Although  we  cannot  affirm 
that  this  readtion  to  light  is  a  property  of  the  diazo-com- 
pound  of  this  group  of  bodies  only,  yet  it  is  certain  that 
they  possess  an  extreme  susceptibility  to  light  far  greater 
than  that  of  other  diazo-compounds,  whilst  at  the  same 
time  they  are  far  more  stable  to  heat.  It  is  thus  possible 
that  this  property  may  depend  in  some  way  upon  the  sul¬ 
phur  which  they  contain. — Chemical  Trade  journal. 


Appointment. — Mr.  Charles  H.  Southwell,  Pharma¬ 
ceutical  Chemist  (Exam.),  of  Boston,  was  appointed 
Public  Analyst  for  the  Holland  Division  of  Lincolnshire 
at  a  Statutory  Meeting  of  the  County  Council  on 
November  7th. 
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DETERMINATION  OF  METALLIC 
ALUMINIUM  IN  THE  ALUMINIUM  OF 
COMMERCE. 

By  G.  KLEMP. 

The  striking  solubility  of  aluminium  in  alkaline  lyes, 
presents  means — which  do  not  prove  available  in  the 
determination  of  zinc  powder  in  consequence  of  the 
relatively  sparing  solubility  of  zinc — to  effect  the  deter¬ 
mination  of  aluminium  in  a  simple  manner.  A  weighed 
quantity  of  the  aluminium  is  treated  with  potassa-lye,  and 
the  escaping  hydrogen  is  determined  either  volumetrically 
as  gas  or  gravimetrically  as  water.  For  the  former 
purpose  most  of  the  apparatus  used  for  gas  volumetry 
may  be  employed  (especially  Lunge’s  improved  gas 
volumeter),  and  for  the  latter  method  the  apparatus  which 
R.  Fresenius  proposes  for  his  method  of  determining  zinc 
powder. 

Fr.  Schulze  made  use  of  the  gas-volumetric  method  in 
order  to  compare  the  quantities  of  hydrogen  gas  evolved 
by  different  sorts  of  aluminium  in  alkaline  solutions,  which 
he  designated  as  approximately  corresponding  to  the  pro¬ 
portion  of  pure  aluminium.  But,  according  to  the  instances 
given,  it  is  not  possible  to  arrive  at  a  decisive  conclusion, 
either  as  to  the  quantity  of  the  aluminium  present  or  the 
applicability  of  the  method.  The  author  considers  the 
gravimetric  determination  with  the  apparatus  of  Fresenius 
preferable  to  the  volumetric  method. 

He  uses  a  potassa  lye  containing  in  ioo  c.c.  35  grms. 
KOH.  The  aluminium  is  reduced  to  thin  fragments  with 
a  file  ;  they  were  put  on  a  weighing-tube,  about  1  grm. 
emptied  into  an  Erlenmeyer  flask  holding  about  150  c.c., 
and  the  weighing  tube  was  re-weighed.  Upon  the 
aluminium  there  was  poured  a  little  water,  and  some 
vaseline  added  to  prevent  frothing. 

The  hydrogen  evolved  was  burnt  to  form  water  in  the 
apparatus  of  Fresenius,  and  the  water  was  collected  in 
concentrated  sulphuric  acid.  In  order  to  prevent  too 
violent  reaction  and  too  rapid  development  of  hydrogen, 
the  potassa  lye  was  added  in  small  portions,  proceeding 
otherwise  according  to  the  directions  of  Fresenius  for  the 
determination  of  zinc  powder. 

The  solution  went  on  regularly,  and  was  completed  in 
about  45  minutes.  Towards  the  end,  when  the  escape  of 
gas  became  slow,  heat  was  applied.  In  the  flask  there 
remains  a  brownish-grey  solution,  and  a  black  undissolved 
residue. 

The  author  purposes  ascertaining  whether  this  method 
is  applicable  to  aluminium  alloys  (ferro-aluminium, 
aluminium  bronze,  &c.) — Zeitschrift  Analytische  Chemie, 
vol.  xxix,,  p.  388. 


THE  DETECTION  OF  FOREIGN  CRUDE 
PHOSPHATES  IN  GROUND  BASIC  SLAGS. 

By  L.  BLUM. 

The  superiority  of  basic  slag  as  compared  with  other 
crude  phosphates,  on  account  of  its  being  readily  assimi¬ 
lated,  is  generally  admitted.  As  a  proof  of  this  recognition 
we  need  only  look  at  the  rise  in  price  which  it  has  recently 
undergone.  Along  with  this  advance  there  has  been  a 
decline  in  the  price  of  natural  phosphates.  Thus,  in 
Lille,  on  May  10th,  grey  phosphatic  chalk  from  Mons, 
finely  ground,  containing  40  to  45  per  cent  calcium  phos¬ 
phate,  was  quoted  at  o'53  franc  per  unit  of  calcium  phos¬ 
phate  per  ton,  which  corresponds  to  a  price  of  o’li  franc 
per  kilo,  of  phosphoric  acid.  It  is,  therefore,  possible  that 
these  cheap,  finely-ground,  crude  phosphates,  may  either 
be  sold  alone  as  basic  slag,  or  may  be  mixed  with  slag 
meal,  especially  as  they  may  serve  to  increase  the  per¬ 
centage  of  phosphoric  acid  in  inferior  ground  slags. 


The  question  whether  ground  phosphates  may  be  sub¬ 
stituted  for  ground  basic  slag  for  manurial  purposes  with 
equal  advantage  has  been  much  discussed  of  late.  That 
opinion  has  been  proved  erroneous  by  the  researches  of 
P.  Wagner  and  other  chemists.  These  authorities  have 
proved  that  it  is  not  possible,  even  by  the  finest  grinding 
to  convert  every  undissolved  phosphate  into  a  sufficiently 
effective  manure.  An  addition  of  such  phosphates  to  basic 
slag  involves  loss  to  the  purchaser,  and  the  question  is 
put  to  the  analyst  how  may  the  presence  of  raw  phos¬ 
phates  in  basic  slags  be  detected.  The  ordinary  deter¬ 
mination  of  phosphoric  acid — the  solution  of  the  substance 
in  a  mineral  acid  and  precipitation  as  ammonium  phos- 
phododekamolybdate,  or  its  diredt  determination  in  an 
alkaline  solution  as  magnesium-ammonium  phosphate — 
exclude  any  such  detection.  It  would  therefore  be  neces¬ 
sary  to  treat  basic  slags  on  the  citrate  method  like  the 
“  reverted”  phosphates. 

But  if  we  compare  the  total  composition  of  basic  slags 
with  that  of  crude  native  phosphates,  inferences  may  be 
drawn  which  show  the  presence  of  the  latter  in  ground 
basic  slag.  We  may  here  remark  that  for  this  fraud  only 
such  phosphates  will  be  used  as  are  low  in  phosphoric 
acid,  but  rich  in  substances  which  waste  sulphuric  acid 
(so-called  “  profligate  constituents  ”),  e.g.,  calcium  car¬ 
bonate,  and  which  consequently  do  not  admit  of  remuner¬ 
ative  conversion  into  superphosphate.  For  high  grades 
of  phosphates  the  makers  of  superphosphates  pay  so  high 
a  price  per  kilo,  of  phosphoric  acid  that  the  sophisticator 
would  find  no  advantage  in  their  employment. 

Let  us  take  as  an  instance  the  above  mentioned  grey 
phosphatic  chalk  of  Mons.  It  contains  40  to  55  per  cent 
calcium  phosphate,  about  50  per  cent  calcium  carbonate, 
and  consequently  22  per  cent  carbonic  acid,  little  iron, 
and  no  manganese  or  mere  traces.  Recent  pure  basic 
slag  contains  no  carbonic  acid,  and  often  considerable 
quantities  of  iron  and  manganese. 

If  ground  basic  slag  is  mixed  with  this  ground  phos¬ 
phatic  chalk  the  resulting  mixture  contains,  according  to 
the  quantity  of  the  addition,  a  large  proportion  of  carbonic 
acid.  In  addition,  the  proportion  of  iron  and  manganese 
is  reduced.  We  have,  therefore,  in  the  presence  of  car¬ 
bonic  acid  in  a  basic  slag  an  indication  of  the  presence  of 
foreign  admixtures,  since  the  preparation  of  basic  slag 
completely  excludes  the  presence  of  carbonic  acid.  Against 
this  representation  it  may  be  objected  that  basic  slag  con¬ 
tains  free  lime,  which  greedily  absorbs  carbonic  acid  from 
the  air,  so  that  consequently  basic  slag  meal,  which  has 
been  lying  for  some  time,  contains  a  certain  quantity  of 
carbonic  acid.  It  is  also  not  impossible  that  the  tetra- 
calcium  phosphate  in  the  slag  may  be  decomposed  by  the 
carbonic  acid  of  the  air  so  as  to  form  calcium  carbonate. 
The  objection  is  not  unfounded,  and  the  author  has  sought 
to  throw  light  upon  it  by  the  following  experiments.  He 
determined  the  carbonic  acid  in  various  samples  which 
were  at  hand.  As  there  exist  in  the  slags  sulphides 
capable  of  decomposition  by  acids  (CaS.MnS),  he  used  in 
carrying  out  the  determination  the  apparatus  commonly 
employed  for  burning  the  carbon  by  means  of  chromic  and 
sulphuric  acid.  As  a  mixture  of  both  acids  was  used  for 
decomposing  the  slags,  it  was  certain  that  no  sulphur 
compounds  were  obtained  in  the  absorption  apparatus. 
The  quantities  of  carbonic  acid  obtained  in  this  manner 
were  as  follows  : — 


1.  Recent  basic  slag,  not  ground . o’oo 

2.  Sample  of  commercial  slag,  finely  ground  . .  trace 

3.  Another  sample,  finely  ground . o-iQ 

4.  Weathered  slag  which  had  been  exposed  for 

three  years  in  the  open  air,  finely  ground  ..  2^28 

5.  The  same  coarsely  ground . 2'i8 


6.  The  same  ;  the  portion  intended  for  analysis 
was  rubbed  finely  in  an  agate  mortar,  and 
remained  for  eight  days  exposed  to  the  air  of 
the  laboratory,  spread  out  in  a  thin  layer  on 
a  sheet  of  paper. .  ,.  ..  ..  , , 
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Determination  of  Ash  in  Molasses ,  Honey ,  &c. 


H.  Otto  ( Chemiker  Zeitung,  vol.  ii.,  p.  225),  found  in  an 
analysis  of  basic  slag  which  he  there  gives  only  a  trace  of 
carbonic  acid.  The  sample  used  for  experiment  6  lost 
on  ignition  2  87  per  cent.  The  excess  of  0-40  per  cent 
was  due  to  moisture  and  combined  water.  In  this  case  it 
may  therefore  be  assumed  with  certainty  that  2-47  per 
cent  is  the  maximum  of  carbonic  acid  which  the  slag  in 
question  was  able  to  take  up.  This  maximum  may  cer¬ 
tainly  vary  in  any  case  according  to  the  composition  of 
the  slag. 

The  inducement  to  this  communication  was  the  analysis 
of  a  ground  basic  slag,  which  along  with  the  stipulated 
proportion  of  phosphoric  acid  contained  10-3  per  cent  of 
carbonic  acid.  I  had  no  doubt  that  the  slag  had  been 
falsified  with  an  inferior  ground  native  crude  phosphate, 
rich  in  calcium  carbonate. 

Although  the  presence  of  foreign  crude  phosphates  can¬ 
not  be  diredtly  proved  by  the  determination  of  carbonic 
acid  we  have  here  an  easy  method  of  deciding  whether  a 
slag-meal  can  be  objected  to  in  this  respedt.  For  this 
purpose  it  is  sufficient  to  determine  the  loss  of  the  dried 
sample  on  ignition.  If  this  is  too  high  there  is  primd 
facie  ground  to  question  the  genuineness  of  the  article. — 
Zeitschrift  Analytische  Chemie,  vol.  xxix.,  p.  408.) 


DETERMINATION  OF  ASH  IN  MOLASSES, 
HONEY,  &c. 

By  H.  W.  WILEY  and  HUBERT  EDSON. 

The  use  of  metallic  silver  prepared  by  reducing  the 
chloride  with  an  alkaline  solution  of  grape  sugar  or  by  , 


diredt  redudtion  with  iron  or  zinc,  has  been  recommended 
as  an  aid  in  the  oxidation  of  the  carbon  in  the  preparation 
of  the  ash  from  sugars,  molasses,  &c.  The  metallic  silver 
adts  as  a  carrier  of  oxygen,  and  after  the  completion  of 
the  readtion  can  be  easily  recovered  from  the  ash  by  solu- 
j  tion  in  nitric  acid  or  otherwise. 

Lucien*  recommends  the  use  of  the  oxide  of  zinc  for 
this  purpose.  The  oxide  of  zinc  easily  gives  up  its  oxygen 
to  the  carbonaceous  material,  and  is  again  easily  oxidised 
in  the  muffle  where  the  incineration  takes  place.  At  the 
end  of  the  process,  therefore,  the  ash  is  burned  perfedtly 
free  from  carbon  and  the  zinc  remains  in  the  state  of 
oxide.  The  weight  of  the  ash  can  therefore  be  easily 
determined  by  dedudting  the  weight  of  the  oxide  of  zinc 
which  has  been  added.  The  amount  of  oxide  of  zinc 
used,  as  recommended  by  Lucien,  is  50  m.grms.  to  2j 
g.  of  molasses  or  5  g.  of  sugar.  Platinum  dishes  were 
used,  and  the  platinum  appeared  to  suffer  no  injurious 
effedt  from  the  adtion  of  the  zinc. 

We  have  given  this  method  of  ash  determination  a 
thorough  trial,  and  the  results  are  given  in  the  accom¬ 
panying  tables. 

First  ash  burned  with  ZnO,  April  4.  The  sample  and 
ZnO  were  thoroughly  mixed  together  with  H20. 

The  second  and  third  samples  of  same  date  were  mixed 
with  alcohol,  evaporated  on  steam  bath,  and  residue  in¬ 
cinerated.  The  ashes  in  both  cases  much  improved  in 
appearance  by  this  treatment. 

As  will  be  seen  from  the  above  table,  the  mean  per¬ 
centage  of  ash  in  the  samples  of  molasses  used,  when 
burned  in  the  muffle  in  the  usual  way,  was  8-04  per  cent. 
In  no  case  was  the  ash  perfedtly  white.  In  the  same 


*  Bulletin  de  L’ Association  des  Chiniistes,  vi.,  p.  356. 


Experiments  on  the  Use  of  ZnO  in  Ash  Determination, 


Date 

Sample  of  “  Third  ”  Molasses  from  Calumet  Plantation,  La. 

Table  No.  i.  No  ZnO  Used. 

Weight  sample.  Weight  ash.  Per  cent  ash.  Remarks. 

April  1  . .  . . 

0-1983 

8-o6 

Ash  rather  dark. 

,,  1  . .  . . 

...  ..  3-4686 

0-2810 

8-17 

>>  *> 

„  1  •  •  .. 

0-3602 

8-02 

51  55 

n  3  •  •  •  • 

0-1997 

8-oi 

Ash  very  slightly  dark 

3  ••  •• 

•  •  •  •  3'49°4 

0-2785 

7-98 

,,  nearly  white. 

„  3  ••  •• 

0-3591 

8’00 

,,  rather  dark. 

,,  4  •  • 

..  ..  2-4877 

0-2014 

8-io 

,,  quite  dark. 

>>  4  •  •  •  • 

..  ..  3-4878 

0-2785 

7'99 

55  55 

„  4  ..  .. 

0-3596 

8-oo 

55  n 

Mean  ..  ..  8-04 


Date 

Weight 

sample. 

Weight 
ash  +  ZnO. 

April  1 

. .  2*4644 

0-2453 

„  1  •  • 

. .  3-4865 

0-3346 

,,  1  • . 

•  •  4'4334 

0-4083 

i>  3  •  • 

. .  2-4904 

0-2482 

.,3  •• 

• •  3 '495 5 

0-3462 

>)  3  •  • 

. .  4-4847 

0-4486 

n  4  <* 

. .  2-4926 

0-2496 

»  4  •• 

..  3-4840 

0-3425 

u  4 

*  •  4*4805 

0-4496 

Table  No.  2.  ZnO  Used. 


Weight 

ZnO. 

Weight 

ash. 

Per  cent 
ash. 

0-05 

0-1953 

7-97 

0*05 

0-2846 

8-17 

0-05 

03583 

8-o8 

0-05 

0-1982 

7-96 

0-07 

0-2762 

7-90 

O'Og 

0-3586 

8-oo 

0-05 

0-1996 

8-oi 

0-07 

0-2725 

782 

O'Og 

0-3596 

8-03 

Mean. . 

..  799 

Remarks. 

Ash  white,  better  in  appearance  than 
without  ZnO. 

Ash  white,  better  in  appearance  than 
without  ZnO. 

Ash  white,  better  in  appearance  than 
without  ZnO. 

Ash  white,  slightly  better  in  appear¬ 
ance  than  without  ZnO. 

Ash  white,  nearly  same  in  appearance 
as  corresponding  ash  without  ZnO. 

Ash  white,  slightly  better  in  appear¬ 
ance  than  without  ZnO. 

Ash  very  white,  much  better  in  ap¬ 
pearance  than  without  ZnO. 

Ash  very  white,  much  better  in  ap¬ 
pearance  than  without  ZnO. 

Ash  very  white,  much  better  in  ap¬ 
pearance  than  without  ZnO, 
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Table  No.  3. 


Date. 

Loss  ZnO. 

Per  cent  ash 
Corredted. 

April  1 

•  •  •  • 

0*0015 

8*21 

n  1 

•  •  •  • 

0*0013 

8*ii 

i)  1 

•  . 

0*0030 

8*o8 

>>  3 

0*0032 

7'99 

»>  3 

0*0032 

8*07 

99  3 

.  . 

0*0016 

8*07 

»  4 

•  •  •  • 

0*0021 

7*88 

..  4 

•  •  •  • 

0*0028 

8*og 

,»  4 

•  •  •  • 

Mean  . . 

. .  8*o6 

samples  in  comparative  determinations,  where  oxide  of 
zinc  was  used  (Table  No.  2)  the  mean  percentage  of  ash 
was  ygg.  The  ash  in  all  cases  was  very  much  improved 
in  appearance,  and  apparently  should  have  weighed  much 
less  than  when  no  oxide  of  zinc  was  used.  In  the  deter¬ 
minations  made  on  the  4th  of  April,  the  zinc  oxide  was 
thoroughly  mixed  with  the  molasses  by  means  of  water  or 
alcohol,  while  in  the  determinations  made  previous  to 
that  date  it  was  simply  sprinkled  over  the  mass  in  the 
dish.  The  samples  of  ash  obtained  by  previous  mixing 
of  the  oxide  with  water  or  alcohol  were  very  much  whiter 
than  any  of  the  others.  In  order  to  determine  whether 
there  would  be  any  loss  from  the  ignition  of  the  zinc 
oxide  alone  at  the  temperature  used,  a  series  of  deter¬ 
minations  was  made,  which  showed  an  average  loss  of 
nearly  2  m.grms.  for  each  50  m.grms.  of  oxide  employed. 
It  is  doubtful  whether  this  loss  takes  place  after  the  zinc 
oxide  is  thoroughly  mixed  with  the  sample,  but  in  Table 
No.  3  the  percentage  of  ash  is  given  after  correcting  for 
the  possible  loss  of  zinc  oxide.  The  mean  percentage  of 
ash  as  corrected  in  this  way  would  be  8*o6. 

It  is  seen  by  the  above  work  that  for  quantitative 
determination  the  numbers  obtained  with  and  without  the 
zinc  oxide  are  so  nearly  identical  as  to  render  its  use  of 
no  particular  value.  If  the  ash  is  to  be  analysed  quantita¬ 
tively  after  it  is  obtained,  the  presence  of  the  zinc  would 
probably  be  of  more  injury  than  the  trace  of  carbon  which 
would  remain  without  its  use.  We  are  therefore  of  the 
opinion  that  the  method  in  ordinary  use  of  determining 
the  ash  direCtly  by  carefully  incinerating  in  the  muffle,  is 
to  be  preferred  to  the  methods  depending  upon  the  ad¬ 
mixture  of  any  other  substance  to  be  used  as  a  carrier  of 
oxygen. — Journal  of  Analytical  Chemistry  ol.  iii.,  Part  3. 


A  LECTURE  EXPERIMENT. 

By  SAVILLE  SHAW,  F.C.S. 

The  following  slight  modification  of  a  well-known  leCture 
experiment  may  possibly  prove  of  service  to  some  of  your 
readers. 

The  ordinary  forms  of  apparatus  for  illustrating  the 
indestructibility  of  matter  by  the  increase  in  weight  of  a 
burning  candle,  have  the  disadvantage  either  of  requiring 
the  use  of  an  aspirator,  which  is  apt  to  draw  the  students’ 
attention  from  the  more  essential  part  of  the  experiment, 
or  in  the  modification,  where  the  chimney  itself  contains 
the  absorbing  material,  the  draught  is  often  uncertain, 
and  a  deposit  of  soot  liable  to  occur  and  choke  up  the 
spaces  between  the  lumps  of  soda-lime  and  caustic  soda 
used. 

Both  these  inconveniences  are  obviated  by  employing 
the  apparatus  shown  in  the  figure,  which  consists  of  a 
small  petroleum  lamp,  a,  suspended  in  a  wire  framework 
beneath  an  ordinary  lamp  chimney,  b,  sufficient  space 
being  left  to  allow  of  the  lamp  being  lighted  without  re¬ 
moval.  The  chimney  contains  a  coil  of  coarse  copper 
gauze,  c,  in  the  lower  part  of  the  narrow  portion, 
above  this  is  placed  a  rather  open  roll  of  iron  gauze, 
d,  provided  with  a  handle  of  bent  wire  to  facilitate 
its  withdrawal,  the  roll  being  coated  with  caustic  soda. 


The  covering  of  the  gauze  is  easily  performed  either  by 
dipping  it  in  molten  caustic  contained  in  a  nickel  basin, 
or  by  ladling  the  melted  substance  over  it. 


The  chimney  may  be  removed  from  the  apparatus  and 
both  ends  closed  by  corks,  enabling  it  to  be  used  re¬ 
peatedly  without  renewal.  The  gain  in  weight  in  three 
or  four  minutes  amounts  to  about  one  grm.,  sufficient  to 
show  very  appreciably  on  even  a  coarse  leCture  balance. 

The  Durham  College  of  Science, 

Newcastle-on-Tyne. 


Micro-Organisms.  —  Messrs.  Bailliere,  Tindall,  and 
Cox  will  issue,  in  a  few  days,  an  oCtavo  volume  (360 
pages  and  fifty-two  figures),  entitled,  “  Researches  on 
Micro-Organisms,”  by  Dr.  A.  B.  Griffiths,  F.R.S.E., 
F.C.S.,  &c.  The  work  is  an  expose  of  recent  researches 
in  various  branches  of  bacteriology,  and  includes  an 
account  of  the  distribution  of  microbes  in  air,  soil,  and 
water;  animal  alkaloids  (ptomaines,  &c.),  soluble  fer¬ 
ments,  adtion  of  heat,  light,  and  electricity  on  microbes  ; 
action  of  germicides,  biology  of  microbes,  &c. 
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THE  ELECTROLYTIC  METHOD  APPLIED 
TO  MERCURY. 

Separation  from  Copper.* 

By  EDGAR  F.  SMITH  and  LEE  K.  FRANKEL. 


The  electrolytic  precipitation  of  mercury  has  been 
successfully  performed  by  different  chemists  ;  thus,  J.  B. 
Hannay  ( Berichte  d.  d.  Chem.  Gesellschaft,  vi.,  270) 
recommends  a  solution  of  mercury  sulphate  for  this  pur¬ 
pose,  but  gives  no  quantitative  results.  F.  W.  Clarke 
(Am.  Journal  of  Science,  xvi.,  200  ;  Zeitschriftfur  Analyt. 
Chemie,  xviii.,  103)  separated  mercury  from  the  solution 
of  its  chloride,  freely  acidulated  with  sulphuric  acid,  by 
using  a  current  obtained  from  six  Bunsen  chromic  acid 
cells.  Classen  and  Ludwig  ( Berichte  d.  d.  Chem.  Gesell¬ 
schaft ,  xix.,  323)  employed  a  mercury  solution  rendered 
slightly  acid  with  nitric  acid,  and  a  current  affording  0*5 
to  i*o  c.c.  OH  gas  per  minute.  The  time  occupied  in  the 
deposition  at  ordinary  temperatures  was  twelve  to  sixteen 
hours.  Hoskinson  (Am.  Chem.  Journal ,  viii. ,  209)  ob¬ 
tained  good  results  with  the  nitrate.  Smith  and  Knerr 


*  Read  at  the  Stated  Meeting  of  the  Chemical  Sedtion  of  the 
Franklin  Institute,  April  16,  1889. 


(Am.  Chem.  Journal ,  viii.,  209)  employed  a  nitrate  solu¬ 
tion,  in  which  there  was  considerable  acid  in  excess,  and 
with  a  current  yielding  4  c.c.  OH  gas  per  minute  deposited 
o- 1  grm.  of  mercury  in  forty-five  minutes.  In  all  of  these 
methods,  which  permit  of  the  separation  of  mercury  from 
many  other  metals,  the  mercury  is  thrown  out  as  a  mirror¬ 
like  deposit,  and  drops  of  metal  are  plainly  discernible. 

We  have  observed  that  this  metal  can  be  separated 
without  difficulty  from  solutions  containing  a  large  excess 
of  alkaline  cyanide,  and  with  a  comparatively  weak  current. 
The  solution  used  was  the  chloride.  The  conditions, 
time,  strength  of  current,  and  results  are  as  follows,  with 
mercury  alone.  (See  Table  I.) 

The  deposits  in  the  determinations  were  compatff, 
rather  grey  in  colour,  and  showed  in  a  few  cases  the  drop¬ 
like  nature  so  characteristic  of  mercury. 

For  washing  purposes  it  was  found  best  to  use  water 
only,  because  when  this  was  followed  with  alcohol,  we 
noticed  that  the  latter  detached  thin  films  of  metal, 
causing  a  loss  in  consequence. 

The  heat  of  the  hand  is  sufficient  to  dry  the  deposit, 
though  a  warm  iron  plate  may  be  used.  Some  of  the 
deposits  were  allowed  to  dry  slowly  over  sulphuric  acid. 
In  our  experience,  with  about  a  hundred  mercury 
depositions,  we  observed  but  five  in  which  there  was  a 
slight  oxidation  of  the  metal,  This  only  occurred  when 


Table  I. 


Solution  contained 

Found 

Per  cent 

Quantity  of 

Total 

Time  in  Current  OH  gas 

Hg. 

Hg. 

difference, 

KCN. 

dilution. 

hours. 

per  minute. 

Grm. 

Grms. 

C.c, 

C.c. 

OM945 

0*1953 

+  0*41 

0*26 

x75 

16 

0*2 

— 

0*1948 

+  0*14 

0*26 

— 

16 

0*2 

— 

0*1946 

+  0*05 

1*30 

— 

24 

— 

— 

0*1930 

-o*77 

1*30 

— 

24 

— 

— 

0*1945 

— 

1*30 

— 

12 

0*2 

— 

o*i945 

— 

1*30 

— 

12 

— 

— 

0*1945 

— 

2*60 

— 

12 

0*2 

— 

0*1944 

-0*05 

0*65 

— 

12 

— 

0*1942 

-0*14 

0*65 

— 

12 

0*2 

— 

0*1956 

+  0*56 

0  65 

— 

12 

0*2 

— 

o*i957 

+  0  61 

1*30 

— 

12 

— 

— 

0*1948 

+  0*14 

1*30 

— 

12 

0*2 

Table  III. 

Difference  in 

Total 

Current  OH  gas 

Time 

Hg  present. 

Hg  found. 

per  cent. 

KCN  in  grms. 
Grms. 

dilution. 

C.c. 

per  minute. 
C.c. 

in  hours. 

0*1827 

—  0*27 

1*5 

200 

2*8 

16 

0*1833 

0*1832 

-0*05 

i*5 

200 

2*8 

l6 

0*1834 

+  0*05 

i*5 

200 

2*8 

16 

Table  IV. 


Hg  present. 

Cu  present. 

Hg  found. 

Difference. 

KCN. 

Total  dilution. 

Current 

Time 

Per  cent. 

Per  cent. 

Grms. 

C.c. 

OH  gas. 

in  hours. 

0*1833 

I 

0*1821 

—  0*65 

r5 

200 

E 

16 

10 

0*1828 

—  0*27 

— 

— 

O 

— 

_ _ 

I 

0*1821 

-0*65 

— 

— 

u  aJ 
.  -+-* 

— 

— 

14 

0*1833 

— 

— 

— 

0  3 

Tf.S 

— 

— 

10 

0*1821 

-0*65 

— 

— 

0  s 

— 

— 

5 

0*1819 

—  0*76 

— 

— 

W  S-H 

— 

— 

3 

0*1815 

—  0*98 

— 

— 

3  s- 

— 

— 

5 

0*1834 

+  0*05 

— 

— 

01 

— 

— 

3 

0*1836 

+  0*16 

— 

— 

CO 

— 

Ag  present. 


Table  V. 


Copper. 

Ag  found. 

Difference. 

KCN. 

Current  OH  gas. 

Time 

Dilution. 

Per  cent. 

Grms, 

C.c. 

in  hours. 

10 

0*1257 

+  2*78 

I 

200 

1 

•  ~  D 

10 

0*1299 

4-6*20 

I 

200 

.£\£ 

10 

0*1225 

4-o*i6 

I 

200 

& 

10 

0*1263 

4-3*20 

o*5 

I 

5 

200 

10 

0*1257 

+  2*78 

to 

I 

to 

200 

s*  *r* 
a,  ^ 

10 

0*1244 

4-1*71 

1*0 

I 

20 

200 

10 

0*1251 

4-2*20 

I 

200 

0 

O  15 

++ 

io 

0*1242 

4-i*55 

I 

200 

0'1223 
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a  film  of  water  remained  in  contadt  for  some  time  with 
the  deposited  mercury. 

In  working  with  copper  solutions,  under  conditions 
similar  to  those  mentioned  above,  we  discovered  that  this 
metal  would  not  separate  until  the  alkaline  cyanide  was 
completely  decomposed.  We  therefore  undertook  a  series 
of  experiments  with  solutions  containing  both  mercury 
and  copper,  hoping  to  effed  their  eledrolytic  separation. 
This  seemed  advisable,  as  the  attempts  in  this  diredion 
had  thus  far  not  been  as  successful  as  might  be  desired 
(see  Luckow,  Zeitschriftfiir  analyt.  Chemie,  viii. ,  24 ;  and 
Classen,  Bericht  d.  d.  Chem.  Gesellschaft,  xvii.,  2467  ; 
also  Zeitschrift fur  analyt.  Chemie.,  xxiv.,  247). 

Our  mercury  solution  contained  the  same  quantity  of 
metal  as  in  the  first  experiments.  Seventy  per  cent  of 
copper  was  added  in  each  case.  The  quantity  of  cyanide 
varied  from  0-65  grm.  to  3*9  grms. ;  total  dilution  was 
200  c.c.,  and  the  current  strength  varied  from  o'l  to  0-4 
c.c.  OH  gas  per  minute.  Time,  six  to  eighteen  hours. 
Ten  experiments  were  performed,  and  notwithstanding 
the  mercury  was  completely  deposited,  slight  quantities 
of  copper  were  likewise  thrown  out  of  solution. 

Thirty  additional  experiments  were  made  ;  in  each  the 
quantity  of  mercury  was  0-1945  grm.,  while  the  copper 
varied  from  14  to  70  per  cent.  The  quantity  of  alkaline 
cyanide  varied  from  3-9  to  8-5  grms.  ;  total  dilution 
remained  200  c.c.  The  current  averaged  0-4  to  o-i2  c.c. 
OH  gas  per  minute.  Time,  eighteen  hours.  The  best 
results  were  these  : — 

Table  II. 


Hg  taken. 

Grm. 

Hg  found. 

Difference  in 
per  cent. 

0*1945 

0*1932 

—  0-66 

— 

0-1920 

—  1-28 

— 

0-1927 

—  o-g2 

— 

0-1936 

-  0-46 

— 

0-1930 

-0-77 

— 

0-1936 

—  0-46 

— 

0-1954 

+0-46 

— 

0-1938 

-0-36 

— 

0-1923 

-1-13 

— 

0-1921 

- 1-23 

These,  as  well  as  the  results  obtained  in  twenty  experi¬ 
ments  made  later,  seem  to  indicate  that  the  presence  of 
the  copper  exercises  considerable  influence  upon  the  pre¬ 
cipitation  of  the  mercury — retards  it.  This  fad,  we 
think,  was  confirmed  by  ten  or  more  experiments,  in  all 
of  which  a  slight  quantity  of  the  mercury  was  retained 
in  solution,  notwithstanding  the  current  was  increased 
to  i’2  c.c.  OH  gas  per  minute,  and  the  amount  of  cyanide 
considerably  reduced.  The  time  of  each  precipitation 
was  continued  through  seventeen  hours. 

Our  attention  was  next  direded  to  ascertaining 
whether  or  not  a  stronger  current  might  be  used  to  throw 
out  the  mercury,  and  at  the  same  time  leave  the  copper  in 
solution.  The  results  with  mercury  alone  are  given  in 
Table  III. 

Using  the  same  quantity  of  mercury  and  varying 
amounts  of  copper  the  results  were  as  follows.  (See 
Table  IV.).  These  results  are  recorded  in  the  order  ob¬ 
tained,  while  the  differences  in  percentage  from  that  re¬ 
quired  vary  from  +  0-05  to  —  0-98  per  cent,  and  in  six 
cases  out  of  nine  show  a  deficiency  in  the  mercury,  yet  a 
careful  qualitative  examination  of  each  filtrate  failed  to 
deted  this  metal ;  the  error  must  therefore  be  ascribed  to 
other  causes.  It  may  not  be  improper  to  add  that  these 
determinations  and  separations  were  not  always  con- 
duded  in  the  same  platinum  vessels,  and,  further,  those 
used  by  us  ranged  in  weight  from  6i  to  135  grms. 

Where  the  quantity  of  copper  exceeded  20  per  cent  of 
the  mercury,  the  results  were  unsatisfadory. 

It  is  well  known  that  silver  can  be  separated  qualita¬ 
tively  from  its  cyanide  solution,  but  whether  its  separa¬ 
tion  from  copper  could  be  effeded  in  the  same  manner  as 
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that  by  which  mercury  and  copper  were  separated  was 
undetermined  ;  to  ascertain  this,  we  made  forty  experi¬ 
ments  ;  ten  of  which  resulted  as  follows.  (See  Table  V.) 

Later,  we  diminish  the  quantity  of  copper,  with  no 
better  results.  On  increasing  the  quantity  of  cyanide, 
and  also  the  strength  of  the  current,  the  silver  was  very 
notably  retarded  in  its  deposition.  After  carefully 
repeating  the  work  with  no  better  outcome,  we  feel  justi¬ 
fied  in  saying  that  the  cyanide  method  cannot  be  applied 
in  the  eledrolytic  separation  of  these  two  metals. 

The  current  employed  by  us  was  obtained  from  storage 
batteries  of  the  Julien  form.  Each  cell  contains  nineteen 
plates,  each  of  which  is  five  and  three-quarter  inches 
square.  In  a  long  experience,  with  almost  every  form  of 
battery,  in  eledrolytic  work,  we  have  not  had  the  same 
even  steady  current  for  a  series  of  hours  as  with  the 
Julien  form,  and  recommend  it  to  all  engaged  in  similar 
experiments.  See,  further,  Berichte  d.  d.  chem.  Gesell¬ 
schaft,  xxi.,  2892. 


ON  THE  SO  CALLED  PEROFSKITE  FROM 
MAGNET  COVE,  ARKANSAS. 

By  F.  W.  MAR. 

In  1877  it  was  shown  by  Knop*  that  the  supposed  perof- 
skite  of  the  Kaiserstuhl,  contained  besides  titanium  a 
considerable  amount  (23  per  cent)  of  niobium  and  tanta¬ 
lum,  and  he  accordingly  made  it  an  independent  species 
and  named  it  very  appropriately  Dysanalyte.  The  analysis 
of  the  similar  mineral  from  Magnet  Cove,  Arkansas,  the 
results  of  which  are  given  below,  shows  that  it  is  also 
distind  from  perofskite,  and  is  to  be  classed  with  dysana¬ 
lyte.  For  the  material  for  analysis  I  am  indebted  to  the 
kindness  of  Professor  E.  S.  Dana. 

The  method  of  analysis  was  as  follows  : — 0^500  grm.  of 
the  carefully  seleded  mineral  was  placed  with  about 
15  c.rn.3  of  concentrated  sulphuric  acid  in  a  platinum 
crucible  of  150  c.m.3  capacity,  and  the  whole  being  covered 
with  a  watch-glass  that  the  progress  of  the  decomposition 
might  be  easily  observed,  boiled  for  ten  or  fifteen 
minutes.  The  cooled  produd  was  poured  into  600  or  700 
c.m.3  of  cold  water  and  allowed  to  stand  over  night  or  until 
the  calcium  sulphate  was  completely  dissolved.  A  small 
residue  was  usually  found,  and  this  was  put  through  the 
same  process.  Any  final  residue  is  silica  and  sometimes 
a  little  tantalum  or  niobium  oxide.  The  former  was 
determined  by  evaporation  with  sulphuric  and  hydro¬ 
fluoric  acids  and  the  remaining  oxide  was  added  to  the 
main  oxides. 

The  solution  of  the  mineral  was  then  made  slightly 
alkaline  with  ammonia,  and  the  precipitated  earth  filtered 
off.  The  lime  was  thrown  out  of  the  concentrated  filtrate 
as  oxalate,  and  after  evaporation  and  volatilisation  of 
ammonia  salts,  magnesia  was  determined  in  the  residue. 
Alkalies  should  be  found  at  this  point  if  present;  there 
were  none. 

The  weighed  earths  obtained  as  above  were  fused  in 
sodium  carbonate,  enough  sulphuric  acid  added  to  the 
mass  to  bring  about  a  bisulphate  fusion,  and  then  enough 
more  to  keep  the  whole  in  the  liquid  condition  even  when 
cold.  After  cooling,  the  mass  was  poured  into  300  c.m.3 
of  cold  water  containing  1  grm.  of  tartaric  acid,  and  after 
separating  the  iron  in  alkaline  solution  by  hydric  sulphide 
the  titanium,  with  which  go  the  niobium  and  tantalum, 
were  separated  by  the  acetic  acid  process  of  Professor 
Gooch. f  The  greater  part  of  the  manganese  was 
separated  by  an  ordinary  acetate  process,  and  the  acid 
oxides  by  the  strong  acetate  process.  On  neutralising 
the  filtrate  from  this  last  with  ammonia  and  boiling,  only 


*  Zeitschr.  fur  Kryst.,  i.,  284,  1877. 

f  “  Proceedings  Amer.  Acad,  of  Arts  and  Sci.,”  N.S.,  vol.  xii.,  p.  435 
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a  trace  of  some  earth  was  found  showing  absence  of 
alumina.  The  titanium  was  separated  from  the  weighed 
oxides  by  Knop’s  chlorinating  process,  and  finally  the 
niobium  was  determined  in  the  mixture  of  niobium  and 
tantalum  oxides  by  redudion  in  hydrochloric  acid  and 
titration  with  permanganate  after  T.  B.  Osborne.*  Only 
a  trace  of  titanium  was  found  in  the  niobium  and  tantalum 
oxides  by  the  Osborne  process  with  hydrogen  peroxides, 
and  the  titanium  re-estimated  by  the  same  process  gave 
pradically  the  same  result  as  before. 

A  portion  of  the  oxides  having  been  lost  during  the 
operation,  having  gone,  as  it  appeared,  with  the  manganese 
used  to  decompose  the  tartaric  acid,  another  portion  of 
mineral  was  treated  in  the  same  manner  as  far  as  this 
point,  and  the  tartaric  acid  was  destroyed  by  evaporation 
in  platinum  and  ignition.  No  aluminum  having  been 
found,  the  titanium,  tantalum,  and  niobium  oxides  were 
separated  by  boiling  with  dilute  sulphuric  acid.  By  evapo¬ 
ration  of  this  filtrate  a  quantity  of  earths  was  obtained. 
To  this  was  added  another  portion  separated  by  ammonia 
from  the  filtrate  (in  the  same  portion  of  mineral)  after 
separation  of  lime,  evaporation  and  ignition,  and  solution 
in  hydrochloric  acid,  and  before  the  precipitation  of  the 
magnesia  by  microcosmic  salt.  The  combined  earths 
were  precipitated  in  a  slightly  acid  solution  by  oxalic  acid 
in  order  to  separate  from  any  uranium,  the  cerium  and 
yttrium  groups  separated  by  the  sodium  sulphate  process, 
and  each  precipitated  again  as  oxalate  and  weighed  as 
oxide.  As  appears  the  main  portion  of  the  rarer  earths 
belongs  to  the  yttrium  group. 

An  attempt  was  made  to  take  the  atomic  weight,  but 
the  result  obtained,  190,  is  probably  too  high,  the  colour 
showing  that  part  of  the  sulphate  was  changed  to  a  basic 
salt.  This,  however,  with  the  colour  of  the  oxides,  a 
reddish  brown,  and  the  fad  that  the  solutions  do  not  yield 
an  absorption  spedrum,  suggests  that  a  chief  portion  of 
the  earth  is  terbium  oxide. 

The  result  of  the  analysis  is  given  in  the  Table. 

Specific  gravity  =  4-18. 

In  conclusion  I  would  express  my  thanks  to  Professor 
Gooch,  of  the  Kent  Laboratory,  for  the  valuable  advice 
and  assistance  freely  given  by  him  during  the  course  of  the 
analysis. 


PROCEEDINGS  OF  SOCIETIES. 


ROYAL  INSTITUTION  OF  GREAT  BRITAIN. 
General  Monthly  Meeting,  November  3,  1890. 


Sir  James  Crichton-Browne,  M.D.,  LL.D.,  F.R.S., 
Treasurer  and  Vice-President,  in  the  Chair. 

The,  following  were  eleded  Members  of  the  Royal 
Institution: — Viriamu  Jones,  M.A.  ;  C.  N.  Nicholson, 
M.A. ;  John  Hartley  Perks,  J.P.  ;  The  Hon.  Sir  James 
Stirling. 


The  special  thanks  of  the  Members  were  returned  to 
Dr.  J.  A.  Fleming  for  the  presentation  on  behalf  of  Pro¬ 
fessor  Elihu  Thomson  of  the  Apparatus  employed  by 
Prof.  Thomson  in  his  experiments  on  Eledro-magnetic 
Repulsion  ;  and  to  Hervey  Pechell  for  his  present  of  an 
old  engraving  (1809)  of  the  Library  of  the  Royal  Institu¬ 
tion. 

The  Managers  reported  that  at  their  meeting  held  this 
day  they  had  eleded  Vidor  Horsley,  F.R.S.,  Fullerian 
Professor  of  Physiology  for  three  years  (the  appointment 
dating  from  January  12,  1891). 

The  Presents  received  since  the  last  Meeting  were 
laid  on  the  table,  and  the  thanks  of  the  Members  returned 
for  the  same. 


NOTICES  OF  BOOKS. 

Stigar  Analysis  ;  for  Refineries,  Sugar-houses,  Experi¬ 
mental  Stations,  &c.,  and  as  a  Handbook  of  Instruction 
in  Schools  of  Chemical  Technology.  By  Ferdinand 
G.  Wiechmann,  Ph.D.  New  York:  John  Wiley  and 
Sons,  1890.  8vo.,  pp.  viii. — 187. 

This  admirable  volume  is  the  result  of  the  author’s  ex¬ 
perience  as  consulting  chemist  to  the  extensive  sugar  re¬ 
fining  company  of  the  Messrs.  Havemeyers  and  Elder, 
Brooklyn,  N.Y.  Its  aim  is  to  supply  the  pradical  sugar- 
chemist  with  a  concise  and  thorough  treatise  embodying 
the  new  methods  of  analysis  that  are  so  widely  scattered 
throughout  periodical  literature.  The  author,  being  at 
the  same  time  Instrudor  in  Chemical  Philosophy,  School 
of  Mines,  Columbia  College,  has  arranged  the  material  in 
such  a  way  that  the  work  can  be  used  for  elementary  in¬ 
strudion  in  this  branch  of  analytical  chemistry.  Instead 
of  describing  in  turn  the  different  produds  met  with  in 
laboratory  work,  such  as  raw  sugars,  liquors,  molassses, 
&c.,  the  author  deals  with  the  individual  constituents,  as 
sucrose,  invert-sugar,  ash,  water,  &c.,  and  thus  avoids 
repetitions. 

The  volume  opens  with  a  discussion  of  polarisation,  and 
the  various  instruments  of  precision  used  in  sugar- 
analysis  ;  it  continues  with  the  methods  employed,  intro¬ 
ducing  examples  where  feasible.  A  brief  bibliography  is 
given,  but  unfortunately  the  places  of  publication  and 
dates  of  the  issue  are  omitted. 

The  tables,  nineteen  in  number,  conclude  a  pradical 
and  useful  work  abreast  of  modern  requirements.  The 
table  of  English,  French,  and  German  synonyms  on  pages 
108 — 109  is  valuable,  and  rather  a  suggestive  feature.  We 
note  the  clear  type  and  the  index. 


Republic  of  Uruguay.  International  Exhibition  of  Mining 
and  Metallurgy,  Crystal  Palace,  London,  1889. 

We  have  here,  in  the  first  place,  a  catalogue  of  minerals 
from  the  museum  of  the  Consulate  General  of  Uruguay. 
There  are  specimens  of  gold,  silver,  copper,  and  iron, 
pyrites  being  described  as  very  common.  Platinum,  tin, 


*  Amer.  Client.  Jourtt.,  vol.  xxx.,  p.  329. 
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mercury,  and  cobalt  are  said  to  occur,  though  no  specimens 
were  shown  at  last  year’s  Exhibition.  The  silver  ore  of 
Uruguay  contains,  according  to  Lettson,  87  per  cent  of 
fine  silver.  There  are  also  copper  ores  at  56  per  cent  and 
magnetic  iron  ore  at  72  per  cent.  Agates,  rock-crystals, 
marbles,  and  even  diamonds  and  topaz,  have  also  been 
found.  “  Calcareous  cement  ”  occurs  on  the  left  shores  of 
the  Brujas,  and  on  the  sides  of  the  Gerro  of  Monte  Video. 

The  pamphlet  further  contains  the  mining-laws  of 
Uruguay,  summed  up  in  182  sections,  and  a  map  of  the 
republic. 


Griffin's  Scientific  Text-Books.  A  Treatise  on  Electro- 
Metallurgy  ;  Embracing  the  Application  of  Electrolysis 
to  the  Plating,  Depositing,  Smelting,  and  Refining  of 
various  Metals,  and  to  the  Reproduction  of  Printing 
Surfaces  and  Art-Work.  By  W.  G.  McMillan,  F.I.C., 
F.C.S.  London  :  C.  Griffin  and  Co. 

Like  not  a  few  other  technical  monographs,  this  treatise 
is  to  some  extent  encumbered  with  matter  for  which  the 
reader  might  have  been  quite  as  well  referred  to  any  of 
the  multitudinous  chemical  and  physical  treatises  which 
have  been  lately  issued.  The  work  before  us  does  not 
differ  very  widely  from  that  by  A.  Watt  on  the  “  EleCtro- 
Deposition  of  Metals.”  It  is,  perhaps,  somewhat  more 
comprehensive  in  its  plan,  but  in  some  departments,  at 
least,  it  goes  less  into  detail. 

As  regards  the  early  history  of  the  art,  Mr.  McMillan 
considers  it  a  “  hopeless  task  to  determine  the  question  of 
real  priority  between  the  three  inventors.”  Watt  distinctly 
awards  the  palm  to  Jordan.  In  the  work  before  us  we 
find  a  table  of  the  atomic  weights  of  the  elements,  in  which 
that  of  platinum  is  still  given  as  higher  than  that  of  gold. 
We  regret  to  find  also  that  the  author  ignores  the  hydro¬ 
meter  scale  of  Twaddle  and  brings  forward  that  of  Baume, 
which  is  ambiguous,  as  it  exists  in  two,  if  not  three, 
modifications.  Further  a  reading  on  Baume’s  scale  cannot 
be  at  once  reduced  to  direct  specific  gravity  of  a  simple 
calculation,  as  can  that  of  Twaddle. 

Tne  processes  mentioned  in  Mr.  McMillan’s  work  are 
described  with  great  clearness,  and  the  operator  is  duly 
cautioned  on  the  necessity  of  cleanliness  in  apparatus,  in 
materials,  work-tables,  and  in  the  air  of  rooms. 

The  working  material  of  the  eleCtro-metallurgist,  which 
has  nowassumed  a  considerableextent,ishere  given  in  full, 
and  operators  are  duly  cautioned  against  the  poisonous 
nature  of  many  of  the  articles.  There  is  a  salutary  warning 
against  putting  such  solutions  in  tumblers,  wine-glasses, 
&c.  A  still  better  precaution  is  never  to  bring  any  article 
of  food  or  drink  into  laboratories  or  workshops  where 
poisons  are  stored  or  employed. 

The  work  before  us  may  be  regarded  as  decidedly  satis¬ 
factory  both  in  plan  and  execution. 


CORRESPONDENCE. 

THE  FELLOWSHIP  OF  THE  CHEMICAL 
SOCIETY. 


To  the  Editor  of  the  Chemical  News. 

Sir, — It  is  impossible  for  us  to  communicate  individually 
with  the  hundreds  of  Fellows  of  the  Chemical  Society  who 
have  signed  and  returned  the  circular  issued  by  us  rela¬ 
ting  to  the  present  method  of  election  of  Fellows,  we 
therefore  ask  that  you  will  permit  us  to  make  the  follow¬ 
ing  faCts  known  through  your  columns. 

The  Committee  have  addressed  a  letter  to  the  President 
and  Council  of  the  Chemical  Society,  enclosing  a  copy  of 
the  said  circular,  thus  formally  placing  the  recommenda¬ 
tions  contained  therein  before  the  Council. 

In  addition  the  Committee  have  thought  it  right  to 
forward  a  summary  of  the  numerous  further  suggestions 
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which  have  been  sent  to  them,  some  of  which,  it  is  hoped, 
may  be  finally  adopted.  We  have  expressed  the  hope  that 
the  Council  will  give  the  matter  their  immediate  con¬ 
sideration.  We  have  no  doubt  the  Council  will  recognise 
the  expressed  opinions  of  a  large  proportion  of  the  Fellows 
and  give  our  letter  a  favourable  reply.  Meantime  we  shall 
be  glad  to  receive  the  circular  from  any  Fellow  who  may 
have  delayed  signing  the  same. — We  are,  &c., 

Fredk.  J.  Lloyd.  \  Hon. 
Frank  L.  Teed,  j  Secs. 


THE  INSTITUTE  OF  CHEMISTRY. 

To  the  Editor  of  the  Chemical  News. 

Sir, — While  the  correspondence  is  going  on  through  the 
Chemical  News  about  the  Chemical  Society,  may  I  be 
allowed  to  say  a  word  about  the  Institute  of  Chemistry  ? 

Before  one  is  allowed  to  take  the  examination  for 
qualification  as  a  “  Fellow,”  he  has  to  show  proof  of 
having  attended  a  College  for  a  three  years’  course  in 
science  (colleges  named  by  the  Institute). 

Now  there  are  a  great  many  who  have  not  had  that 
opportunity,  but  who  are  quite  qualified  to  pass  the  ex¬ 
amination  set  by  the  Institute,  even  better  than  many 
who  have  had  the  college  training,  and  who  would  per¬ 
haps  be  more  useful  to  that  body. 

Would  it  not  be  more  just  to  give  the  outsiders  a 
chance  of  becoming  “  Fellows  ?  ” — I  am,  &c., 

“  Chemical.” 


THE  PREVALENCE  OF  COPPER  IN  CEREALS. 


To  the  Editor  of  the  Chemical  News. 

Sir, — The  occasional  existence  of  copper  in  cereals,  peas, 
beans,  &c.,  as  a  natural  constituent  has  long  been  known, 
but  as  the  question  is  a  very  important  one,  especially  in 
this  country,  where  copper  is  looked  upon  as  an  article 
highly  injurious  to  health,  no  apology  is  necessary  from 
me  for  drawing  the  attention  of  your  readers  to  the  sub¬ 
ject. 

The  question  has  very  lately  been  prominently  brought 
under  my  observation,  and  that  in  a  novel  and  unexpected 
manner,  necessitating  the  examination  of  a  large  number 
of  samples  of  wheat  and  barley,  which  resulted  in  15  per 
cent  of  the  samples  being  found  to  contain  copper  in  more 
or  less  quantity,  particularly  in  the  Scotch  barley. 

The  existence  ol  copper  in  cereals  therefore  becomes  a 
serious  question,  especially  to  manufacturers  of  infants’ 
foods,  as  they  are  liable  at  any  moment  to  have  proceed¬ 
ings  instituted  against  them  under  the  Sale  of  Food  and 
Drugs  Act.  It  was  due  to  legal  proceedings  being 
threatened  against  a  manufacturer  of  infants’  food  which 
caused  the  matter  to  be  placed  in  my  hands.  The  plain¬ 
tiff’s  analyst  certified  that  the  food  contained  lead,  which 
had  caused  serious  illness  to  an  infant.  But  upon  closer 
investigation  by  myself  it  proved  to  be  copper,  and  it  was 
present  there  as  a  natural  constituent  of  one  of  the  cereals 
used  in  the  preparation  of  that  particular  infants’  food. 

Granting  that  cereals  do  possess  the  remarkable  pro¬ 
perty  of  taking  up  copper  from  the  soils  in  which  they 
are  grown,  provided  that  soil  contains  copper,  the  ques¬ 
tion  immediately  arises  :  What  is  the  maximum  quantity 
which  barley  or  wheat  are  capable  of  taking  up  ? 

Few  soils  in  this  country  contain  copper  to  any  appre¬ 
ciable  extent.  I  am  therefore  inclined  to  attribute  the 
presence  of  copper  in  Scotch  barley  and  English  wheat  to 
the  prevalent  practice  of  dressing  the  grain  and  also  the 
ground  with  sulphate  of  copper,  so  as  to  protect  it  from 
the  ravages  of  vermin  after  the  grain  is  sown. 

The  possible  existence  of  copper  in  cereals  may  also 
account  for  some  of  those  mysterious  and  unaccountable 
cases  of  illness  which  occur  from  time  to  time  in  families, 
and  is  therefore  well  worth  the  medical  practitioner's 
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attention,  and  also  the  manufacturers  of  infants’  food. — I 
am,  &c., 

William  Johnstone. 

13,  Fish  Street  Hill,  E.C. 


INTERNATIONAL  STANDARDS  FOR  THE 
ANALYSIS  OF  IRON  AND  STEEL. 


To  the  Editor  of  the  Chemical  News. 

SIR, — In  the  account  published  in  the  Chemical  News 
(vol.  lxii.,  pp.  218  and  227)  of  the  work  of  the  American 
Committee  upon  the  International  Standards  for  the 
Analysis  of  Iron  and  Steel  will  be  found  a  statement,  well 
supported  by  experimental  evidence,  to  the  effect  that  the 
ordinary  chloride  of  ammonium  and  copper  contains  some 
soluble  carbonaceous  constituent  which  is  precipitated  to 
some  extent  when  steel  is  dissolved  in  it,  thereby  raising 
the  apparent  percentage  of  carbon  in  the  metal.  An 
hypothesis  is  put  forward  that  this  constituent  is  cellu¬ 
lose. 

Attempts  have  been  mode  to  free  the  double  chloride 
from  such  impurity,  but  not  with  complete  success. 
These  attempts  have  consisted  in  repeated  re-crystallisa¬ 
tions,  and  have  not  included  endeavours  to  start  with  the 
ultimate  constituents  of  the  double  salt  free  from  organic 
impurity,  and  thus  obtain  a  produdt  of  which  the  history 
and  mode  of  preparation  would  be  accurately  known. 

I  am  at  the  disadvantage  of  not  having  access  to  the 
original  report  at  the  time  of  writing,  and  therefore  what 
I  am  about  to  say  may  be  anticipated  by  statements  not 
appearing  in  the  abstract ;  but,  premising  that  such  is  not 
the  case,  I  would  respectfully  suggest  to  the  Committee 
that  by  far  the  most  satisfactory  method  of  settling  the 
whole  question  would  be  to  prepare  pure  ammonio  cupric 
chloride  from  pure  metallic  copper  and  hydrochloric  and 
nitric  acids  and  ammonia  re-distilled  in  the  laboratory. 
Then,  provided  the  operations  were  performed  with  care¬ 
ful  exclusion  of  dust,  there  should  be  no  doubt  as  to  the 
freedom  of  the  resulting  produdt  from  organic  matter. 
This  is  so  obvious  a  course,  that  it  has  doubtless  received 
the  consideration  of  the  Committee,  and  my  reason  in 
writing  is  to  ascertain  wherein  it  has  been  found  wanting. 
— I  am,  &c. , 

Bertram  Blount. 

Laboratory,  Broadway,  Westminster,  S.W., 

November  10,  1890. 


CHEMICAL  NOTICES  FROM  FOREIGN 
SOURCES. 


Note. — All  degrees  of  temperature  are  Centigrade  unless  otherwise 
expressed. 

Comptes  Rendns  Hebdomadaires  des  Seances,  de  PAcademie 
des  Sciences.  Vol.  cxi.,  No.  16,  October  20,  1890. 

Researches  on  the  Equivalent  of  Fluorine. — Henri 
Moissan. — The  author  remarks  that  Berzelius  and  Dumas, 
in  determining  the  equivalent  of  fluorine,  made  use  chiefly 
of  mineral  specimens  of  fluor  spar,  as  pure  as  possible.  It 
may  always  be  feared  that  such  specimens  may  contain 
traces  of  silica  or  of  phosphorus,  as  it  has  been  shown  by 
Berzelius  and  Louget.  The  author  has  therefore  used 
synthetic  calcium  fluoride,  distinctly  crystallised.  From 
his  experiments,  made  with  sodium  and  calcium  fluorides, 
he  finds  the  equivalent  of  fluorine  =  ig’05. 

Action  of  the  Aromatic  Amines  and  of  Phenyl- 
hydrazine  upon  the  /3-Ketonic  Nitriles. — L.  Bourcault. 
—  The  author,  referring  to  a  former  memoir  by  M. 
Hanriot  and  himself,  showing  that  methylpropionylaceto- 
nitrile  condenses  with  certain  aromatic  amines  and 
phenylhydrazine  with  elimination  of  a  mol.  of  water.  He 
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now  gives  his  results  on  the  constitution  of  these  com¬ 
pounds. 

On  the  Manner  of  Combination  of  the  Sulphuric 
Acid  in  “Plastered”  Wines,  and  on  a  Method  of 
Analysis  rendering  it  possible  to  distinguish 
“  Plastering  ”  from  Acidification  with  Sulphuric 
Acid. — L.  Roos  and  E.  Thomas. — The  authors  admit  the 
equation  proposed  by  MM.  Berard,  Chancel,  and  Canvv, 
and  afterwards  by  Dr.  Magnier  de  la  Source — 

S04Ca  +  2C4H5K06  =  S04K2  +  C4H4Ca06  +  C4H606, 

but  they  give  a  different  interpretation  to  the  secondary 
reaction,  which  occasions  the  presence  of  free  tartaric 
acid.  They  maintain  that  this  acid  aCts  by  preference  on 
those  organic  compounds  with  a  potassium  base  which, 
as  Dr.  Magnier  de  la  Source  has  demonstrated,  exist  in 
wine  in  a  notable  proportion.  The  addition  to  wine  of  a 
little  tartaric  acid  doubles  the  quantity  of  tartar  which 
may  be  extracted  from  it.  The  analytical  process 
adopted  by  the  authors  is  as  follows: — (a).  Determine  the 
chlorine  present  in  the  sample  by  the  ordinary  method. 
( b ).  Determine  total  sulphuric  acid.  ( c ).  In  50  c.c.  of 
the  wine,  mixed  with  a  few  drops  of  ammonium  acetate, 
precipitate  all  the  sulphuric  acid  as  determined  by  the 
determination  ( b ),  with  an  absolutely  exaCt  quantity  of 
barium  chloride  in  a  standard  solution,  (d).  Determine 
chloride  in  the  filtrate  from  operation  (c).  If  we  have  to 
do  with  a  neutral  potassium  sulphate  all  the  chlorine  of 
the  barium  chloride  will  be  found  in  the  state  of  potas¬ 
sium  chloride.  If  we  have  an  acid  sulphate,  hydrochloric 
acid  (or  ammonium  hydrochlorate)  will  be  set  free,  and 
will  disappear  during  the  slight  ignition  which  precedes 
the  determination  (d)  with  standard  silver  solution,  there 
being  always  a  proportional  loss  of  chlorine. 

On  Saccharine  Matters  in  Mushrooms.  —  Em. 
Bourquelot. — Vegetable  transformations  go  on  in  mush¬ 
rooms  even  after  they  are  gathered,  and  may  in  a  few 
hours  affedt  the  disappearance  of  trehalose  and  the  pro- 
dudtion  of  mannite.  The  author  has  therefore  taken  the 
precaution  of  plunging  his  mushrooms  into  boiling  water 
immediately  when  gathered,  so  as  to  arrest  all  change. 
Ail  the  species,  except  Amahita  mappa,  if  examined  when 
young,  contained  exclusively  trehalose.  When  older, 
they  contain  both  trehalose  and  mannite,  or  mannite 
alone.  In  two  species  which  were  examined  after  desic¬ 
cation  at  a  low  temperature  ( Boletus  auratitiacus  and 
Hypholoma  fasciculare)  the  trehalose  had  disappeared  and 
was  replaced  by  mannite. 


Bulletin  de  la  Societe  Chimique  de  Paris. 

Series  3,  Vol.  iv.,  No.  1. 

The  Influence  of  the  Different  Fruit  Ferments 
upon  the  Bouquet  of  Fermented  Liquors  on  the 
Production  of  a  Barley  Cider.  —  Georges  Jacquemin. 
— Already  noticed. 

Action  of  Lead  Oxide  upon  Toluene.  Pro¬ 
duction  of  Benzene. — C.  Vincent.  —  Behr  and  Van 
Dorp  let  fall  toluene  drop  by  drop  upon  lead 
oxide  heated  to  dull  redness.  The  crude  produdt 
being  distilled  to  separate  the  unattacked  toluene, 
the  stilbene  was  crystallised  in  alcohol,  whilst  the 
diphenyl,  the  phenanthrene,  the  anthracene,  and  an  oily 
hydrocarbon  remain  in  solution  in  the  alcohol.  The 
author  has  resumed  the  study  of  this  reaction  upon 
toluene,  under  the  same  conditions,  using  pure  toluene 
exempt  from  benzene.  This  reaction  may  be  industrially 
utilised  to  transform  a  lot  oi  toluene  for  which  there  is  no 
demand  into  benzene,  which  is  more  valuable.  The 
chief  faCts  established  in  the  paper  are  that  lead  oxide 
attacks  pure  toluene  at  a  temperature  below  335°,  pro¬ 
ducing  chiefly  water,  carbonic  acid,  and  benzene.  At 
higher  temperatures,  we  obtain  less  benzene,  more  stil¬ 
bene,  and  higher  carbides.  At  dull  redness,  there  are 
produced,  along  with  the  products  above  mentioned,  the 
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carbides  which  are  formed  by  the  simple  pyrogeneeus  de¬ 
composition  of  benzene  and  toluene.  The  diphenyl, 
which  appears  in  small  quantities  in  this  operation,  does 
not  come  from  the  benzene  originally  contained  in  the 
toluene,  but  from  the  benzene  formed  by  the  a&ion  of 
lead  oxide  upon  the  toluene  itself. 

On  Tetrachlorophenol.  —  Louis  Hugounenq. —  This 
compound  is  obtained  by  saponifying  tetiachloroanisol 
with  hydriodic  acid  at  17.  Tne  product,  C6HC14.0H, 
crystallises  in  white  needles,  fusible,  if  pure,  at  1520.  It  is 
insoluble  in  water,  very  soluble  in  all  the  organic  sol¬ 
vents,  and  capable  of  sublimation.  It  boils  with  decom¬ 
position  at  278^;  its  odour  is  peculiar,  its  taste  caustic. 
The  alcoholic  solution  behaves  as  an  acid  with  indicators, 
and  decomposes  carbonates.  The  author  has  examined 
its  ammonium,  silver,  lead,  and  copper  salts. 

Researches  on  Dispersion  in  Organic  Compounds 
(Alcohols  of  the  Fatty  Series). — Ph.  Barbier  and  L. 
Roux. —  In  the  alcohols  of  the  fatty  series  which  the 
authors  have  examined,  the  dispersive  powers  are  con¬ 
tinuous  fun&ions  of  the  molecular  weights  ;  and,  contrary 
to  what  is  observed  in  the  aromatic  compounds,  they  in¬ 
crease  simultaneously  with  the  molecular  weights. 
Alcohols  with  a  long  chain,  primary  or  secondary,  have 
the  same  dispersive  power,  and  follow  the  same  laws  ; 
only  the  two  primary  abnormal  alcohols  (the  isobutylic 
and  isoamylic)  possess  lower  dispersive  powers,  though 
their  values  do  not  deviate  very  notably  from  those  of  the 
alcohols  with  a  long  chain.  In  this  series,  as  in  that  of 
the  aromatic  compounds,  the  elimination  of  the  hydrogen 
determines  a  considerable  increase  in  the  dispersive 
power. 

On  Manganese  Oxides  obtained  in  the  Moist  Way, 
—A.  Gorgeu.  —  The  author  studies  manganous  acids, 
describing  nine  methods  for  its  preparation.  He  con¬ 
siders  the  two  processes  for  obtaining  manganous 
anhydride,  and  explains  the  properties  of  manganous 
acid,  its  behaviour  with  hydrate  dioxides,  and  with 
metallic  salts.  The  author  raises  the  question  whether 
the  synthesis  of  potassium  manganate  does  not  result 
from  the  oxidation  of  manganous  acid  at  the  expense  of 
potassium  permanganate.  He  holds  that  the  fait  of  the 
splitting  up  of  manganic  acid  by  water  into  two  com¬ 
pounds,  Mn02,  Mn207,  the  one  richer  and  the  other 
poorer  in  oxygen  than  the  original  acid,  and  without  any 
escape  of  gas,  is  a  fait  which  has  been  observed  only  in 
the  case  of  osmious  acid. 

A  New  Biethylenic  Carbide,  £-Bipropylene. — - F. 
Couturier. — This  compound  is  formed  by  the  elimination 
of  2  mols.  of  water  from  pinacone.  Its  composition  is 
CeHio. 

Journal  de  Pharmacie  et  de  Cliimie. 

Series  5,  Vol.  xxi.,  No.  7. 

Researches  on  the  Preparation  and  the  Properties 
of  Aricine. — H.  Moissan  and  Ed.  Landrin.— The  com¬ 
position  of  aricine  is  expressed  by  the  formula 
C23H26N204.  Its  rotatory  power  in  an  alcoholic  solution 
is  cm  =  -58°  18'.  In  an  ethereal  solution  it  gives  the 
figure  aD  =  -92°  30'.  The  hydrochloric  solution  has 
generally  been  regarded  as  inactive,  but  it  possesses  a 
rotatory  power  contrary  to  that  of  the  alkaloid 
od  =  +  14°  3°- 

Adtion  of  Time  on  Coal-Tar  Colours  in  Wines.— 
M.  Monaron. — The  author  proves  experimentally  that  a 
wine  coloured  with  acid  magenta  preserves  all  its  charac¬ 
ters  for  a  long  time  if  protected  from  microscopic  vegeta¬ 
tion. 

Reduction  of  Silver  Nitrate  by  Oil  of  Bitter 
Almonds.— E.  Le  Noble.— This  reduction  takes  place 
finder  a  variety  of  conditions.  The  author  concludes 
that  benzoyl  hydride  behaves  like  the  aldehyds,  reducing 
silver  oxide,  and  passing  to  the  state  of  benzoic  acid. 
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Determination  of  Total  Phosphorus  in  Urine.— 
M.  Chappelle. — The  author  heats  10  c.c.  of  urine  with 
5  c.c.  of  sulphuric  acid  for  several  hours  until  it  becomes 
colourless.  The  liquid  is  made  up  with  water.to  50  c.c., 
neutralised  with  soda  and  treated  with  magnesia  mixture. 
The  determination  is  then  completed  in  the  ordinary 
manner. 

The  Analysis  of  Commercial  Glycerins.  —  M. 
Vizern. — The  only  processes  for  the  determination  of 
glycerin  in  an  accurate  manner  are  the  method  of 
Benedikt  (conversion  of  the  glycerin  into  triacetine),  and 
that  of  Hehner  (decomposition  of  glycerin  by  potassium 
dichvomate).  It  is,  however,  pretended  by  dealers  that  a 
crude  glycerin  containing  not  less  than  80  per  cent  of 
pure  glycerin  should  have  a  specific  gravity  of  not  less 
than  1-300  (at  150)  and  a  boiling  point  not  below  1550. 
The  author  finds  experimentally  that  there  is  no  definite 
relation  between  the  proportion  of  adtual  glycerin  in  a 
sample  and  its  specific  gravity  and  its  boiling  point.  It 
is  not  possible  to  ascertain  the  value  of  a  crude  glycerin 
by  its  specific  gravity  and  its  boiling  point. 

Distinguishing  Characters  of  Vanillin  and  Coni- 
ferin.  —  A.  de  Werre.  —  With  sulphuric  acid  vanillin 
gives  a  yellow  colour  and  coniferin  a  violet.  With  a 
mixture  of  sulphuric  acid  and  resorcine  vanillin  gives  a 
deep  carmine  red,  and  coniferin  a  violet ;  phloroglucin 
and  hydrochloric  acid  vanillin  gives  a  red  colour,  whilst 
coniferin  yields  only  a  very  fugitive  violet. 

Detection  of  Mercury  in  Urine  and  Organic 
Liquids. — E.  Brugnatelli  ( Annali  di  Chemica).  —  The 
author  acidifies  the  suspedted  liquid  with  a  few  drops  of 
•hydrochloric  acid,  adds  powdered  copper  or  copper  wire 
well  cleansed  and  reduced  to  redness,  heats  for  five  minutes 
in  the  water-bath  to  50  to  6o°,  stirring  occasionally,  washes 
the  copper,  places  it  in  a  capsule,  and  along  with  it  a 
fragment  of  porcelain  on  which  is  placed  a  drop  of  solu¬ 
tion  of  gold  chloride  at  x  per  cent.  The  capsule  is 
covered  and  heated  on  the  water-bath  ;  the  mercury 
deposited  on  the  copper  is  volatilised  and  reduces  the 
gold. 

Excretion  of  Creatinin  during  Fasting  and  its 
Formation  in  the  Organism.  —  Dario  Baldi. — The 
author  found  in  the  urine  of  the  fasting  exhibitor,  Succi, 
0-40  grm.  of  creatinin  on  the  seventeenth  day  of  the  fast 
and  traces  on  the  twenty-third  day.  He  considers  this 
observation  a  proof  that  creatinin  is  an  ultimate  produdt 
of  the  organic  transformations. 

Artificial  Musk. — A.  Baur. — The  author  obtains  this 
substance  by  the  nitration  of  isobutyltoluene.  It  is  a  solid 
substance,  crystallising  in  small  white  laminae  of  the  pure 
odour  of  natural  musk  and  of  an  extraordinary  intensity. 
The  process  has,  of  course,  been  patented  and  sold  to 
certain  perfumers  who  are  manufacturing  the  perfume  at 
Mulhouse.  The  musk-deer  may  therefore  be  considered 
as  disestablished. 

Determination  of  Ferric  Oxide  and  Alumina  in 
Phosphates.— E.  Glaser. — The  author  dissolves  5  grms. 
of  the  phosphate  in  25  c.c.  of  nitric  acid  of  sp.  gr.  1-2  and 
I2’5  c.c.  of  hydrochloric  acid  at  sp.  gr.  1-12,  and  dilutes 
to  half  a  litre.  He  introduces  xoo  c.c.  of  the  solution 
(corresponding  to  1  grm.  of  the  substance,  into  a  quarter- 
litre  flask  and  adds  25  c.c.  of  sulphuric  acid  at  1-84.  It  is 
let  settle  for  five  minutes,  stirred  repeatedly,  100  c.c.  of 
alcohol  at  g5  per  cent  are  added,  the  flask  is  cooled,  filled 
up  with  alcohol,  and  well  shaken.  The  stopper  is  with¬ 
drawn,  and  alcohol  is  added  up  to  the  mark  (as  contrac¬ 
tion  will  have  taken  place),  and  the  flask  is  again  shaken. 
After  standing  for  half-and-hour  it  is  filtered  ;  100  c.c. 
(representing  0-4  grm.  of  the  original  substance)  are 
evaporated  in  a  platinum  capsule  so  as  to  expel  all  the 
alcohol.  To  the  liquid  thus  freed  from  alcohol  there  are 
then  added  in  a  glass  vessel  50  c.c.  of  water,  and  it  is 
heated  to  a  boil.  It  is  then  removed  from  the  source  of 
heat,  and  ammonia  is  added  until  the  rea&ion  is  alkaline. 
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The  excess  of  ammonia  is  driven  off  by  boiling,  the  liquid 
is  let  cool,  filtered,  washed  with  hot  water,  heated  to  red¬ 
ness,  and  the  iron  and  aluminium  phosphates  are  weighed. 

Manufacture  of  Aluminium. — C.  Nello.— In  this 
paper,  taken  from  the  Zeitschrift fur  angewandte  Chemie, 
the  author  gives  an  account  of  the  manufacture  of 
aluminium  from  cryolite,  as  carried  on  by  the  Alliance 
Aluminium  Company. 

Chemical  Bibliography.— E.  Fremy. — The  author 
writes  as  follows  “  The  chemists  of  the  so-called 
modern  school,  wishing,  mistakenly,  to  combat  the 
admirable  theories  of  Lavoisier,  and  to  give  an  exagger¬ 
ated  extension  to  observations  made  on  the  influence  of 
water  in  certain  salts,  have  maintained  that  when  an  acid 
loses  its  water  and  becomes  anhydrous,  it  is  no  longer  an 
acid  ;  they  have  given  to  dehydrated  acids  the  name  of 
anhydrides.  The  objedt  of  this  theory  is  to  maintain  that 
a  salt  is  not  a  compound  of  acid  and  of  base,  but  a  substi¬ 
tution  of  the  hydrogen  of  the  acid  by  a  metal.  I  believe 
I  have  demonstrated  that  this  theory  ought  to  be  absolutely 
rejeded  by  citing  thousands  of  salts  which  are  produced 
by  the  combination  of  anhydrous  acids  with  anhydrous 
bases,  such  as  the  carbonates,  silicates,  borates,  alumi- 
nates,  stannates,  &c.  In  all  these  cases  the  acid  being 
anhydrous,  the  phenomenon  of  substitution  has  no  place ; 
it  is  the  anhydrous  acid  which  combines  with  the 
anhydrous  base,  as  the  theory  of  Lavoisier  demands.” 

No.  8. 

On  the  Precipitate  formed  in  Solutions  of  Copper 
Sulphate  in,  Common  Water.— MM.  Grimbert  and 
Bane.— If  a  solution  of  copper  sulphate  is  poured  into 
common  water  there  is  first  produced  an  intense  turbidity, 
then,  on  standing,  a  voluminous  greenish-blue  deposit  of  a 
crystalline  asped  forms  at  the  bottom  of  the  vessel.  This 
compound  is  a  quadribasic  sulphate,  similar  in  composi¬ 
tion  to  the  mineral  brochantite  found  in  Mexico  and 
Iceland.  Its  formation  is  probably  due  to  the  calcium 
bicarbonate  present  in  ordinary  waters. 

Rapid  Determination  of  Chlorides  in  Wines.— M- 
L.  Roos. — The  author  prepares  two  standard  solutions, 
one  of  silver  nitrate  at  5  per  cent  and  the  other  of  potas¬ 
sium  ferrocyanide,  which  must  saturate  each  other  exadly. 
The  so-called  decinormal  solutions  are  perfedly  suitable. 
To  20  c.c.  of  wine  he  adds  an  excess  of  the  silver  solution, 
and  then  he  determines  with  the  ferrocyanide  the  quantity 
of  silver  not  taken  up  by  the  chlorine.  The  ferrocyanide 
is  added  by  degrees,  making  from  time  to  time  spotting- 
tests  on  filter-paper,  and  adding  to  each  spot  a  small  drop 
of  solution  of  ferrous  sulphate.  The  spot  rema'n^  red  as 
long  as  there  is  not  an  excess  of  ferrocyanide,  anu  becomes 
distln&ly  blue  as  soon  as  the  saturation  is  exceeded.  The 
author  admits  that  this  procedure  is  not  as  precise  as  the 
ordinary  method  with  silver  nitrate  and  potassium 
chromate  as  indicator. 

The  Presence  in  Urine  of  some  Substances  which 
Reduce  Copper  Oxide  on  Boiling  in  presence  of  an 
Alkali.  —  H.  Ashdown. —  From  the  Pharmaceutical 
Journal . 

Researches  on  the  Pathogenic  Microbia  of  the 
Filtered  Waters  of  the  Rhone. — MM.  Lortet  and 
Despeigner. — The  drinking  water  supplied  to  the  public 
of  Lyon  is  taken  above  the  city  and  filtered  in  galleries 
separated  from  the  river  by  a  bed  of  fresh  gravel  of  the 
mean  thickness  of  15  metres.  The  subterranean  chambers 
are  walled  on  their  four  sides  and  filter  only  through  the 
bottom.  It  appears  from  a  bacteriological  analysis  pub¬ 
lished  in  1886  that  the  free  water  of  the  river,  opposite 
this  installation  contain  51,000  germs  per  litre.  That 
taken  in  the  filtering  galleries  contain  only  about  7000. 
Notwithstanding  this  purification  these  waters  deposit 
quickly  upon  the  Chamberland  filters  an  unCtuous,  slimy 
mud,  coloured  deeply  yellow  by  ferric  oxide  and  formed  of 
a  fine  marl  along  with  organic  matter.  Under  the  micro¬ 
scope  this  deposit  is  found  swarming  with  badteria  of 
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different  forms,  some  of  which  when  inje&ed  into  guinea- 
pigs  have  occasioned  various  diseases. 


NOTES  AND  QUERIES. 


***  Our  Notes  and  Queries  column  was  opened  for  the  purpose  of 
giving  and  obtaining  information  likely  to  be  of  use  to  our  readers 
generally.  We  cannot  undertake  to  let  this  column  be  the  means 
of  transmitting  merely  private  information,  or  such  trade  notices 
as  should  legitimately  come  in  the  advertisement  columns. 

Nickel  Capsules. — I  shall  be  greatly  obliged  to  any  of  your 
readers  who  can  inform  me,  through  your  columns,  as  to  their  ex¬ 
perience  with  the  nickel  capsules  that  have  lately  been  introduced  to 
the  notice  of  chemists.  I  am  anxious  to  know  how  far  they  may  re¬ 
place  platinum  in  ordinary  analytical  work;  and  whether,  in  faft, 
they  can  be  recommended  as  generally  satisfactory  apparatus. — C. 


MEETINGS  FOR  THE  WEEK. 


Wednesday,  19th. — Society  of  Arts,  8.  Opening  Address  of  the  137th 
Session,  by  the  Attorney-General,  Sir  Richard 
Webster,  M.P.  (Chairman  of  the  Council  of 
the  Society. 

Thursday,  20th. — Chemical,  8.  Ballot  for  the  Election  of  Fellows. 

“  On  the  Estimation  of  Cane-sugar,”  by  C. 
O’Sullivan  and  F.  W.  Thompson.  “  A  New 
Method  of  Determining  the  Specific  Volumes  of 
Liquids  and  of  their  Saturated  Vapours,”  by  S. 
Young.  “  The  Molecular  Weight  of  Metals 
when  in  Solution,  by  Messrs.  Heycock  and 
Neville. 


PATENTS. 

Provisional  Protedlion,  from  £2  2s- 

Lowest  cost  of  complete  English  and  Foreign  on  application. 
Also,  Designs  and  Trade  Marks.  Inventions  financed. 

WALLACE.  WEATHERDON,  &  CO. 

Registered  Patent  Agents, 

57  &  58,  Chancery  Lane,  and  n,  Southampton  Buildings,  W.C. 
Established  1849. 


TO  MANUFACTURING  CHEMISTS  AND  OTHERS. 


THE  LONDON  COUNTY  COUNCIL  is 

•A  prepared  to  receive  TENDERS  for  the  SUPPLY  of  1000 
tons  of  SULPHURIC  ACID. 

Deliveries  to  be  made  in  bulk  at  the  Northern  and  Southern  Out¬ 
falls,  and  in  carboys  to  Stations  within  the  Metropolis,  commencing 
about  the  1st  May  next. 

Persons  tendering  will  be  required  to  declare  in  their  tender  that 
they  pay  such  rates  of  wages  and  observe  such  hours  of  labour  as  are 
generally  accepted  as  fair  in  the  trade. 

The  Specification,  Form  of  Tender,  and  other  particulars  may  be 
obtained  on  application  to  the  Chemist  of  the  Council,  at  the  Office, 
40,  Craven  Street.  W.C. ,  until  Saturday,  the  22nd  November,  1890. 
Tenders  must  be  addressed  to  the  Clerk  of  the  London  County 
Council,  Spring  Gardens,  London,  S.W.,  endorsed  “Tender  for 
Sulphuric  Acid.”  and  be  sent  in  not  later  than  5  o’clock  on  Monday 
afternoon,  the  24th  of  November,  1890. 

The  Council  does  not  bind  itself  to  accept  the  lowest  or  any  tender. 

H.  de  la  HOOKE,  Clerk  of  the  Council. 

Spring  Gardens, 

3rd  November,  1896. 

TO  MANUFACTURING  CHEMISTS  AND  OTHERS. 


THE  LONDON  COUNTY  COUNCIL  is 

L  prepared  to  receive  TENDERS  for  the  SUPPLY  of  1500 
TONS  of  MANGANATE  OF  SODA,  to  be  delivered  at  the  rate  of 
not  less  than  50  tons  nor  more  than  2co  tons  per  week,  from  the  1st 
March,  1891. 

Persons  tendering  will  be  required  to  declare  in  their  tender  that 
they  pay  such  rates  of  wages  and  observe  such  hours  of  labour  as  are 
generally  accepted  as  fair  in  the  trade. 

The  Specification,  Form  of  Tender,  and  other  particulars  may  be 
obtained  on  application  to  the  Chemist  of  the  Council,  at  the  office, 
40,  Craven  Street,  W.C.,  until  Saturday,  the  22nd  November,  1890. 
Tenders  must  be  addressed  to  the  Clerk  of  the  London  County 
Council,  Spring  Gardens,  London,  S.W.,  endorsed  “Tender  for 
Manganate,”  and  be  sent  in  not  later  than  5  o’clock  on  Monday 
afternoon,  the  24th  November,  1890. 

The  Council  does  not  bind  itself  to  accept  the  lowest  or  anytender. 

H.  de  LA  HOOKE,  Clerk  of  the  Council, 

Spring  Gardens, 

3rd  November,  1890. 
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EXAMINATION 


OF  OILS, 
SUBSTAN 


By  THOMAS  T.  P. 


Bbfore  proceeding  further  with  the  analysis  of  mixtures 
of  oils,  I  give  a  list  of  oils,  &c.,  on  which  I  have  operated. 
The  first  division  contains  those  which  yield  insoluble 
produ&s  with  sulphur  chloride  ;  the  oils  contained  in  the 
second  division  do  not  yield  such  produdts,  hence  the  oils 
of  the  first  division  can  be  separated  from  those  of  the 
second. 

The  oils,  &c.,  of  the  first  division,  when  heated 
strongly  with  sulphur,  yield  spongy  elastic  masses,  except 
the  oils  of  olive  and  cotton-seed,  hence  these  oils  may  be 
separated  from  the  others  ;  the  sulphur  which  they  dis¬ 
solve  separates  out  on  cooling,  which  may  help  to  recog¬ 
nise  their  presence  in  a  mixture.  They  all  dissolve  in 
ether,  but,  on  addition  of  a  few  drops  of  alcohol,  caout¬ 
chouc  and  gutta-percha  separate  out. 

First  Division. 


Olive  oil. 

Olive  oil  from  green  olives. 
Olive  oil  from  kernels  of 
green  olives. 

Poppy  oil,  var.  : — 

Papav. ,  somnif. 

Glaucium  flav. 

Almond,  var. : — 

Amygd.,  dulc. 

,,  amar. 

Earthnut. 

,,  decort. 

Caoutchouc,  gutta-percha, 
and  allied  substances.  . . 


Walnut,  decort. 

Sesame. 

Nigerseed. 

Castor  oil. 

Rapeseed. 

,,  blown. 

Cotton  oil. 

,,  crude. 

,,  blown. 

Beechmast. 

Hempseed. 

And  the  resins  naturally 

associated  with  them. 


Second  Division. 

Petroleum  and  Homologues  of  the  Paraffin  Series. 


Dis¬ 


tillates  from  Coal-Tar,  Shale,  and  similar  Minerals. 


Sperm  oil. 
Whale  oil. 

Cod  oil. 
Spermaceti. 
Lard. 
Lard  oil. 
Butter. 
Bees’-wax. 


Beef  fat. 
Mutton  fat. 
Cocoanut  oil. 
Palm  oil. 
Resin  oil. 
Pine  resins. 
Turpentine. 
Japan  wax. 


In  this  division  must  be  included  glycerin  and  the  fatty 
acids  of  the  first  division  ;  hence  the  blown  oils  give  an 
increased  weight  of  soluble  produdt  proportional  to  the 
loss  of  glycerin  ;  this  fadt  will  explain  why  an  old  oil 
will  give  less  insoluble  matter  than  one  comparatively 
new.  By  treating  a  mixture  with  ozonised  oxygen,  an  oil 
easily  oxidised  can  be  separated  from  one  not  so  readily 
adted  on.  Sulphur  chloride  will  convert  one  into  an  in¬ 
soluble  produdt,  whilst  the  fatty  acids  of  the  other  can  be 
washed  out  with  carbon  disulphide. 

When  adting  on  these  produdts  with  nitric  acid,  as  in 
estimating  sulphur,  a  few  drops  of  nitro  -  glycerin  are 
formed,  which  should  be  carefully  removed  in  the  course 
of  the  analysis. 

The  presence  of  glycerin  in  many  oils  of  the  second  divi¬ 
sion  makes  it  difficult  to  understand  why  they  behave  so 
differently  to  those  of  the  first  division.  A  prominent 
feature  is  that  they  yield  smaller  weights  of  total  magma 
than  those  of  the  first  division,  and  which  is  readily  seen 


when  oils  of  the  two  divisions  are  mixed.  I  give  here  a 
few  oils  of  the  second  division,  including  a  heavy 
lubricating  petroleum,  where  the  adlion  of  sulphur  chloride 
may  be  taken  as  nil.  5  grms.  being  used  in  each  case : — 


Magma. 

Name  of  oil,  &c.  Total. 

Petroleum  ..  ..  5-01 

Cocoanut  ..  ..  5-14 

Lard  oil . 5-80 

Sperm  . 6'i6 


Remarks. 

Entirely  soluble 
in  carbon  di¬ 
sulphide. 


Petroleum  and  the  distillates  from  coal-tar  adt  simply  as 
solvents  of  sulphur  chloride,  and  it  is  by  no  means  im¬ 
probable  that  some  of  the  oils  of  the  second  division  ad 
to  some  extent  in  the  same  way,  and  so  prevent  the 
formation  of  a  magma  ;  for,  in  every  case,  even  with  the 
oils  of  the  first  division,  the  solvent  must  be  evaporated 
before  the  readion  sets  in. 

A  mixture  of  two  oils,  both  either  belonging  to  the 
first  or  second  division,  or  one  of  each  division,  can  be 
quantitatively  determined  by  the  Hubl  reagent,  using 
equations  (1)  and  (2)  given  in  Chemical  News,  vol.  lxii., 
p.  179. 

In  cases  where  an  oil  contains  a  peculiar  isolable 
principle,  we  may  apply  the  fad  as  chemical  evidence  of 
its  existence,  and  negled  the  separation  for  purposes  of 
estimation.  But  when  three  or  four  oils  are  mixed,  the 
isolation  of  a  principle  peculiar  to  one  enables  us  to 
eliminate  that  one.  We  must  be  careful  in  applying  this 
too  rigidly  ;  cocoanut  oil  may  contain  the  glycerides  of 
capric  and  butyric  acids,  according  to  the  uses  to  which 
this  oil  may  be  applied.  These  acids  are  now  commercial 
produds,  and,  presumably,  are  not  to  be  regarded  simply 
as  chemical  curiosities. 


NEW  METHOD  FOR  THE  VOLUMETRIC 
DETERMINATION  OF  MANGANESE. 

By  G.  VORTMANN. 


The  iodometric  determination  of  manganese  has  hitherto 
been  effeded  by  converting  it  into  peroxide  by  means  of 
any  oxidising  agent,  and  titrating  this  by  treatment  with 
hydrochloric  acid  and  potassium.  Such  methods  are 
mostly  circumstantial,  requiring  careful  filtration,  and 
sometimes  distillation  according  to  Bunsen’s  process. 
The  author  endeavoured  to  determine  manganese  by 
oxidising  it  with  standard  solution  of  iodine  in  presence 
of  an  alkali,  and  ascertaining  the  quantity  of  iodine  neces¬ 
sary  for  converting  the  manganoiu  oxide  into  manganese 
dioxide.  In  all  the  experiments  where  he  used  a  pure 
manganese  salt  alone,  the  values  found  were  too  low.  To 
one  atom  of  manganese  there  were  consumed  not  two 
two  atoms  of  iodine,  but  only  1-84  to  r86. 

The  addition  of  a  zinc  salt,  as  in  Vortmann’s  process, 
made  no  difference.  But  if  there  was  added  to  the  man¬ 
ganese  salt,  the  salt  of  a  sesquioxide,  aluminium,  or  iron, 
the  oxidation  went  off  smoothly;  two  atoms  iodine  being 
consumed  for  one  atom  of  manganese.  If  it  is  required 
to  determine  manganese  alone,  in  the  absence  of  other 
methods,  the  following  procedure  is  followed: — 

The  weighed  quantity  of  the  manganese  salt  is  dis¬ 
solved  in  water,  along  with  two  or  three  parts  of  potash- 
alum,  the  solution  is  mixed  with  a  measured  quantity  of 
a  decinormal  solution  of  iodine  and  pure  soda-lye  (free 
from  nitrite).  The  whole  is  then  heated  in  the  water-bath 
for  five  to  ten  minutes,  and,  when  cold,  it  is  diluted  to  a 
known  volume.  An  aliquot  part  of  this  is  filtered  off 
through  a  dry  folded  filter,  the  filtrate  is  acidulated,  and  the 
excess  of  iodine  is  titrated  with  solution  of  sodium  thio¬ 
sulphate  ;  the  c.c.  of  the  latter  consumed  are  le-calculated 
for  the  total  volume  of  the  liquid  and  dedudted  from  the 
quantity  of  iodine  solution  employed.  Thus  we  obtain 
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the  quantity  of  solution  of  iodine  which  was  required  for 
oxidising  the  manganous  oxide. 

Manganese  can  be  conveniently  determined  in  this 
manner  in  presence  of  aluminium  or  iron  salts,  or  in  crude 
iron. 

Salts  of  ammonium  must  not  be  present. — Berichte  dev 
Deutschen  Chem.  Gesellschaft,  vol.  xxiii.,  No.  13,  p.  2801. 


AN  IMPROVED  PROCESS  FOR  THE 
MANUFACTURE  OF  POTASSIUM  CYANIDE. 

By  H.  N  WARREN,  Research  Analyst. 

This  method  for  the  production  of  potassium  cyanide, 
which  depends,  in  the  first  place,  upon  the  formation  of 
potassium  sulphocyanate,  and  the  conversion  of  that  sub¬ 
stance  into  potassium  cyanate,  and,  lastly,  that  of  potas¬ 
sium  cyanide,  is  brought  about  as  follows 

A  proportionate  quantity  of  carbon  disulphide  is 
blended  with  an  equal  bulk  of  mineral  oil,  to  which  is 
added  a  convenient  quantity  of  water.  Ammonia  gas  is 
now  introduced  until  the  whole  of  the  CS2  is  converted 
into  ammonium  sulphocaibonate.  The  concentrated 
solution  thus  formed  is  separated  from  the  remaining  oil, 
and  a  fresh  quantity  of  CS2  added,  the  aCtion  proceeding 
as  before.  The  solution  containing  the  ammonium 
sulphocarbonate  is  now  allowed  to  boil  until  all  traces  of 
ammonium  sulphide  have  been  expelled,  the  ammonium 
sulphocarbonate  becoming  converted  into  ammonium 
sulphocyanate.  To  the  solution,  while  still  hot,  is  intro¬ 
duced  a  sufficiency  of  KHO,  and  the  heat  maintained 
while  any  NH3  gas  continued  to  be  evolved,  the  gas 
thus  expelled  being  utilised  for  the  production  of  a  further 
quantity  of  ammonium  sulphocarbonate  ;  the  resulting 
solution  of  KCNS  thus  formed  is  evaporated  to  dryness, 
and  introduced  into  a  deep  crucible,  being  subjected  to  a 
dull  red  heat  incontaCt  with  litharge;  the  KCNS  thus  being 
converted  into  potassium  cyanate,  with  the  production  of 
PbS.  The  crucible  with  its  contents  is  then  allowed  to 
settle,  and  the  melt  removed  by  decanting  into  a  further 
pot,  furnished  with  a  perforated  lid  and  containing  lump 
carbon,  the  heat  is  now  raised  and  continued  at  full  red¬ 
ness  as  long  as  any  traces  of  C02  or  CO  continue  to 
escape.  The  resulting  KCN  thus  obtained  is  poured 
from  the  pot  and  received  into  suitable  moulds. 

Everton  Research  Laboratory, 

18,  Albion  Street,  Everton,  Liverpool. 


THE  DETECTION  OF  IODINE. 

By  W.  H.  SEAMON. 

The  reaction  of  potassium  iodide  with  the  platinic  salts, 
mentioned  in  Watts’s  “  Dictionary  of  Chemistiy,”  vol.  iii., 
p.  288,  furnishes  a  valuable  test  for  the  soluble  iodides, 
being  characteristic  and  delicate.  The  manner  of  making 
the  test  is  as  follows  : — 

To  the  solution  in  a  test-tube  add  one  or  two  drops  of 
solution  of  platinic  chloride.  As  the  platinic  chloride 
mixes  with  the  liquid,  a  beautiful  red  colouration  is  pro¬ 
duced,  due  to  formation  of  platinic  iodide.  If  much 
iodide  be  present  the  solution  becomes  black  with  sub¬ 
sidence  of  a  brownish  precipitate. 

Free  potassa,  ammonia,  and  hydrochloric  acid  require 
the  addition  of  a  large  amount  of  the  platinic  chloride.  It 
is  therefore  best  to  have  it  neutral  or  acid  with  sulphuric 
acid.  The  reaction  is  plainly  visible  if  part  of 

iodine  be  present,  and  is  readily  seen,  though  faint,  with 
fjyj'g  part  of  iodine. 

The  test  has  been  subjected  to  a  large  number  of  trials 
to  prove  its  value  with  most  satisfactory  results.—  Journal 

Analytical  Chemistry,  Vol.  iii.,  Part  3. 


A  RE-DETERMINATION  OF  THE  ATOMIC 
WEIGHT  OF  CADMIUM. 

By  EDWARD  A.  PARTRIDGE,  MA.,  B.S. 


The  atomic  weight  of  cadmium  had  been  determined  by 
Stromeyer,  Von  Hauer,*  Lenssen,f  Dumas, +  and 
Huntingdon. §  With  0  =  i6  for  the  basis  of  calculation 
the  values  obtained  by  these  experimenters  are  the  fol¬ 
lowing :  by  Stromeyer  nr48,  by  Von  Hauer  111*96,  by 
Lenssen  U2-o8,  by  Dumas  112*25,  by  Huntingdon  112*24. 
From  these  results  Clarke  calculates  112*092  to  be  the 
most  probable  figure,  and  concludes  his  article  on  the 
subject  with  this  remark  :  “  It  will  be  seen  that  Dumas’s 
and  Huntingdon’s  determinations  both  made  with  haloid 
salts  of  cadmium  agree  with  wonderful  closeness  and  so 
confirm  each  other.  On  the  other  hand,  Von  Hauer’s 
data  give  a  value  which  is  much  lower.  Apparently  Von 
Hauer’s  method  was  good,  and  the  reason  for  the  dis¬ 
crepancy  remains  to  be  discovered.  Until  that  is  ascer¬ 
tained,  I  prefer  to  use  the  above  mean  value  rather  than 
to  adopt  one  investigation  and  rejeCt  the  others.” 

This  investigation  was  undertaken  with  the  hope  of 
arriving  at  a  value  for  the  atomic  weight  of  cadmium  more 
reliable  than  that  given  by  former  experimenters. 

The  following  points  were  regarded  as  of  first  import¬ 
ance  : — 

1st.  The  most  scrupulous  care  in  the  purification  of  the 
materials  used  in  every  stage  of  the  work. 

2nd.  Avoidance  of  any  method  in  which  the  reactions 
involved  were  uncertain  or  doubtful. 

3rd.  The  utmost  care  and  refinement  in  weighing. 

4th.  Use  of  a  large  number  of  determinations  as  the 
basis  of  calculation. 

At  the  outset  much  time  was  devoted  to  making  a  pure 
cadmium  salt  by  re-crystallisation  of  the  sulphate,  and 
much  work  was  devoted  to  accumulating  a  stock  of  this 
as  the  staiting  point.  This,  however,  was  discarded  in 
favour  of  the  metal  obtained  by  distillation. 

The  literature  upon  this  subject  is  interesting,  though 
somewhat  meagre.  Mercury  has  been  purified  by 
distillation  for  years.  Demar£ay||  in  1882  observed  that 
zinc  and  cadmium  are  volatile  in  vacuo  at  comparatively 
low  temperature,  and  sugests  this  as  a  means  of  purifica¬ 
tion.  In  1884,  Schuller^  stated  that  zinc  and  cadmium 
can  be  distilled  in  vacuo,  leaving  the  impurities  as  a 
residue.  This  method  has  been  employed  by  Morse  and 
Burton**  for  the  purification  of  zinc.  One  of  the  means 
employed  by  Stas  in  his  classical  investigation  upon 
atomic  weights  was  the  purification  of  silver  by  distillation. 
Whenever  available,  distillation  ranks  first  among  the 
processes  for  purification  at  the  disposal  of  the  chemist. 
This  was  effected  in  the  case  of  cadmium  in  tube  retorts 
of  glass,  about  30  c.m.  in  length,  and  20 — 25  m.m.  in 
diameter. 

The  tubes  were  closed  at  one  end  and  drawn  down  at 
a  point  about  11  c.m.  from  the  closed  end,  making  a  neck 
about  12  m.m.  in  diameter.  100  grrns.  of  cadmium  having 
been  introduced,  the  open  end  was  drawn  down  to  a  size 
suitable  for  a  connection  with  the  mercury  pump.  The 
portion  of  the  tube  between  the  neck  and  the  end  con¬ 
nected  with  the  pump  serves  to  condense  and  retain  the 
distilled  metal. 

After  having  been  supported  on  a  combustion  furnace, 
the  retort  was  exhausted  as  completely  as  a  rapidly  aCting 
three-fall  mercury  pump  would  effect  in  one  hour  ;  the 
guage  then  standing  only  a  fraction  of  a  m.m.  lower  than 
the  barometer.  As  the  pump  was  self-aCting  this  degree 
of  exhaustion  was  readily  maintained  during  the  entire 


*  Jour,  fur  Prakt.  Chemie,  xxii.,  350. 

t  Ibid,  lxxix.,  281. 

t  Ann.  Chem.  Pharm.,  lxiii.,  27. 

§  Proc.  Amer.  Acad.,  1881. 

I1  Comptes  Rendus,  xcv.,  183. 

If  Ann.  d.  Phys.,  xviii,  320,  and  Jahresbericht,  1884,  1550. 

**  Amer,  Chem.  Jour.,  x.,  311. 
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operation.  Heat  was  then  slowly  applied  and  so  managed 
that  the  greater  part  of  the  metal  condensed  and  ran  down 
the  sides  of  the  retort,  only  the  more  volatile  portion 
passing  beyond  the  neck  of  the  tube.  A  fractional  distil¬ 
lation  was  thus  effected,  cadmium  alone  passing  over. 
In  an  hour  60  grms.  of  cadmium  had  collected  in  the 
receiver,  the  distillation  was  then  stopped,  and  when 
entirely  cold  the  metal  was  removed  by  cutting  open  the 
tube.  The  greater  part  of  it  collected  as  a  bar  at  the 
bottom  of  the  receiver,  while  the  sides  and  top  were  lined 
with  crystals,  many  of  which  were  quite  perfect.  The 
residue  in  the  retort  was  covered  with  a  brownish  black 
scum,  which  was  tested  spectroscopically  and  found  to 
consist  mainly  of  lead,  iron,  and  thallium,  with  a  little 
copper.  The  lines  of  zinc  were  once  very  faintly  seen. 

The  cadmium  thus  purified  was  distilled  a  second  time 
in  the  same  manner.  The  residue  from  this  distillation, 
which  was  pushed  no  further  than  the  first,  remained 
perfectly  bright  to  the  end,  and  when  tested  with  the 
spectroscope  did  not  reveal  a  trace  of  foreign  metals.  All 
the  cadmium  used  in  this  investigation  was  thus  purified 
by  double  distillation. 

One  of  the  methods  used  for  the  determination  of  the 
atomic  weight  of  cadmium  is  that  of  Lenssen,  which, 
although  good,  was  merely  touched  upon  by  him.  Hisresult 
was  based  upon  only  three  experiments,  using  very  small 
quantities  of  material.  The  method  consists  in  changing 
cadmium  oxalate  to  cadmium  oxide,  and  observing  the 
loss  of  weight,  from  which  loss  the  atomic  weight  is  calcu¬ 
lated. 

For  working  this  method  cadmium  oxalate  was  made  as 
follows  : — 

The  perfectly  pure  metallic  cadmium  obtained  by  double 
distillation  was  dissolved  in  pure  nitric  acid,  prepared  by 
careful  distillation,  and  the  solution  concentrated  so  far 
that  on  cooling  the  cadmium  nitrate,  Cd(N03)2  +  4H20, 
separated  in  long  fibrous  crystals.  The  latter  were 
drained  at  the  filter-pump,  dissolved  in  water,  and  a  solu¬ 
tion  of  the  theoretical  amount  of  pure  oxalic  acid  added. 
Cadmium  oxalate  thus  prepared  is  a  heavy  crystalline 
precipitate  which  can  be  easily  washed.  This  was  done 
several  times  by  decantation.  The  precipitate  was  then 
placed  on  a  filter  and  washed  at  the  pump  thirty  times 
with  distilled  water,  after  which  it  was  dried  for  10  hours 
at  150°  C.  The  salt  thus  obtained  was  tested  for  nitric 
acid  by  the  phenol  test,  and  showed  not  the  slightest 
trace.  The  pure  cadmium  oxalate  thus  obtained  was 
subjected  to  the  following  treatment : — 

About  one  grm.  of  cadmium  oxalate  was  placed  in  a 
porcelain  crucible  and  was  then  dried  in  an  air-bath  at 
150°  C.  for  five  hours.  This  length  of  time  was  usually 
sufficient  to  dry  the  salt  completely.  When  this  hadbeen 
accomplished,  i.e.,  when  a  constant  weight  had  been 
attained,  the  crucible  containing  the  oxalate  was  covered 
with  a  watch-glass,  and  very  cautiously  heated.  This 
operation  required  the  greatest  care,  since  if  the  tempera¬ 
ture  became  too  high,  reduction  and  consequent  volatilisa¬ 
tion  of  metal  occurred.  Four  of  the  earlier  experiments 
were  lost  in  this  way.  That  volatilisation  of  metal  had 
taken  place  was  made  evident  by  a  slight  sublimate  on 
the  watch-glass.  When  the  oxalate  was  completely 
decomposed  (this  was  shown  by  the  uniform  brown  colour 
of  the  resulting  cadmium  oxide)  it  was  allowed  to  cool  and 
moistened  with  a  few  drops  of  nitric  acid  in  order  to  re¬ 
oxidise  any  reduced  metal.  The  nitric  acid  employed  for 
this  purpose  was  especially  purified  by  very  careful  dis¬ 
tillation.  Ten  c.c.  of  it  evaporated  in  a  platinum  dish  left 
a  visible  but  imponderable  residue. 

The  crucible  was  then  very  carefully  ignited  until  all 
the  cadmium  nitrate  was  decomposed,  then  placed  inside 
a  nickel  crucible  4  c.m.  high  by  4  c.m.  wide,  and  strongly 
ignited  for  half  an  hour  by  means  of  a  Fletcher’s  improved 
Bunsen  burner.  In  all  cases  the  ignition  was  repeated 
until  a  constant  weight  was  obtained.  There  was  rarely, 
however,  any  loss  of  weight  after  the  first  ignition.  To 
prevent  the  possibility  of  any  reducing  gases  reaching  the 
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cadmium  oxide,  the  nickel  crucible  inside  which  the 
porcelain  crucible  was  placed  was  forced  into  a  circular 
hole  cut  in  a  piece  of  asbestos  board  13  c.m.  square.  The 
top  of  the  nickel  crucible  was  flush  with  the  upper  surface 
of  the  board,  the  joint  being  air-tight. 

Ten  experiments  made  by  the  above  method  gave  the 
following  results  : — 

Series  I. 


Weight  of 

Weight  of 

cadmium  oxalate 

cadmium  oxide 

Atomic 

taken. 

found. 

weight. 

I 

..  1-09898 

070299 

III-8ig 

2 

..  1-21548 

0-77746 

II 1793 

3 

..  1*10711 

0-70807 

HI-755 

4 

..  I-I7g48 

0-75440 

111-780 

5 

..  1-16066 

0-74237 

111-783 

6 

..  i-i7gg5 

0-75471 

111-784 

7 

..  1-34227 

085864 

111-829 

8 

••  1-43154 

o-9r573 

IH'823 

9 

••  i-535io 

0-98197 

111*821 

10 

..  1-41311 

0-90397 

111-834 

Total..  12-66368 

8-10027 

(111-8027) 

Mean  value  . . 

111-8027 

Maximum 

111-834 

Minimum 

Iir759 

Difference 

0-075 

Probable  error 

O'OIO 

Another  method  used  for  the  determination  of  the 
atomic  weight  cf  cadmium  is  that  of  Von  Hauer.  It  con¬ 
sists  in  reducing  cadmium  sulphate  to  cadmium  sulphide 
in  a  stream  of  hydrogen  sulphide  and  observing  the  loss 
of  weight.  As  the  result  obtained  by  Von  Hauer  is  con¬ 
siderably  lower  than  those  obtained  by  other  experimenters 
doubt  has  been  cast  upon  its  accuracy.  The  following 
possibilities  have  been  suggested  as  tending  to  make  Von 
Hauer’s  results  low  : — (1)  That  the  cadmium  sulphate  as 
weighed  by  him  contained  hygroscopic  moisture.  (2) 
That  the  presence  of  metallic  iron  in  the  ferrous  sulphide 
used  in  making  the  hydrogen  sulphide  would  lead  to  the 
generation  of  hydrogen  and  consequent  reduction  and 
volatilisation  of  cadmium.  (3)  That  some  cadmium 
sulphide  might  have  been  volatilised  in  the  stream  of  hot 
hydrogen  sulphide. 

It  was,  therefore,  determined  to  carry  out  a  series  of 
experiments  by  this  method  in  order  to  determine  if  any 
of  these  objections  were  well  grounded. 

In  the  experiments  about  to  be  described,  the  first 
danger  was  overcome  by  weighing  the  sulphate  in 
stoppered  glass  tubes.  The  second  was  shown  to  be 
groundless,  as  in  some  experiments  the  hydrogen  sulphide 
used  was  prepared  from  antimony  trisulphide,  and  in 
others  from  ferrous  sulphide  with  perfect  agreement  of 
results.  The  third  objection  was  disproved  experimentally, 
as  the  highest  heat  that  hard  Bohemian  glass  will  with¬ 
stand  did  not  cause  any  volatilisation  of  cadmiumsulphide. 
That  there  was  no  volatilisation  of  sulphide  was  proved 
by  the  weight  of  a  sample  of  the  same  which  was  heated 
in  a  stream  of  hydrogen  sulphide  to  the  extent  just  men¬ 
tioned,  remaining  absolutely  constant,  and  also  by  the 
faCt  that  there  was  not  the  slightest  sublimate  on  the  tube. 

The  hydrogen  sulphide  employed  in  this  and  in  the 
following  series  of  experiments  was  washed  by  passing  it 
through  water  and  dried  by  passing  through  a  long 
calcium  chloride  tube.  The  carbon  dioxide  was  dried  by 
passing  through  a  wash  bottle  containing  sulphuric  acid, 
and  then  over  calcium  chloride.  By  means  of  a  three- 
way  cock  the  carbon  dioxide  could  be  run  into  the 
apparatus  without  changing  the  connections. 

The  cadmium  sulphate  was  prepared  in  the  following 
manner : — Cadmium  nitrate,  prepared  as  above  described, 
was  dissolved  in  water  and  a  slight  excess  of  pure  sul¬ 
phuric  acid  added.  Five  c.c.  of  this  acid  were  evaporated 
in  a  platinum  dish,  leaving  a  visible  but  imponderable 
residue. 
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The  solution  was  evaporated  to  dryness  in  a  platinum 
dish  and  heated  long  after  fumes  of  sulphuric  acid  ceased 
to  come  off.  The  sulphate  was  dissolved  in  water,  re¬ 
crystallised,  and  dried  for  six  hours  at  200°  C. 

The  following  is  a  description  in  detail  of  the  method 
used  in  the  experiments,  the  results  of  which  are  tabulated 
below.  (Series  II.) 

The  dry  cadmium  sulphate  was  placed  in  a  porcelain 
boat  and  heated  for  some  time  in  an  air-bath  to  about 
300°  C.  While  still  warm,  the  boat  was  placed  in  the 
weighing  tube,  allowed  to  cool,  and  weighed.  Cadmium 
sulphate  parts  with  its  hygroscopic  moisture  very  readily 
at  300°  C.  After  weighing,  the  boat  containing  the 
cadmium  sulphate  was  placed  in  a  hard  glass  tube,  50  c.m. 
in  length,  supported  over  a  small  combustion  furnace. 
A  stream  of  pure  dry  hydrogen  sulphide  was  then  passed 
through  the  tube,  and  heat  applied.  It  was  heated 
moderately  for  45  minutes,  and  to  dull  redness  for  as 
much  longer.  By  this  time  its  reduction  to  sulphide  was 
always  complete.  It  was  then  allowed  to  cool  to  about 
200°  C.  in  a  slow  stream  of  gas.  When  the  temperature 
had  fallen  to  this  degree  the  hydrogen  sulphide  was  dis¬ 
placed  by  a  stream  of  pure  dry  carbon  dioxide,  and  while 
still  warm  the  boat  containing  the  cadmium  sulphide  was 
placed  in  the  weighing  tube,  allowed  to  cool,  and  weighed. 
Ten  experiments  by  this  method  gave  the  following 
results : — 

Series  II. 


Weight  of 

Weight  of 

cadmium  sulphate 

cadmium  sulphide 

Atomic 

taken. 

found. 

weight. 

I 

..  1-60514 

1-11076 

III'793 

2 

••  1'55&3X 

1-07834 

111-789 

3 

..  1-67190 

1-15669 

111-790 

4 

. .  1-66976 

ri5554 

111-818 

5 

..  1-40821 

0-97450 

iii-8oi 

6 

. .  1-56290 

1-08156 

iii-8o6 

7 

..  1-63278 

1-12985 

111-778 

8 

..  1-58270 

1*09524 

in-797 

9 

••  1-53873 

1-06481 

111-796 

10 

..  1-70462 

1-17962 

iii-8oi 

Total  ..  15-93505 

11-62717 

(111-7969) 

Mean  value  .. 

iii’7g6g 

Maximum 

iii-8i8 

Minimum 

111-778 

Difference 

0^40 

Probable  error 

•  •  •  •  •  •  • 

0-008 

In  the  course  of  the  work  the  experiment  of  passing 
hydrogen  sulphide  over  gently  heated  cadmium  oxalate 
was  tried.  This  salt  was  completely  transformed  into 
the  sulphide  at  a  temperature  much  below  that  which  is 
necessary  for  its  conversion  into  cadmium  oxide.  This 
reaction  was  then  made  the  basis  of  a  new  method  for  the 
determination  of  the  atomic  weight  of  cadmium.  The 
method  used  in  the  ten  experiments,  the  results  of  which 
are  given  below  (Series  III.),  was  as  follows  : — 

Cadmium  oxalate  was  placed  in  a  porcelain  boat  and 
dried  at  150°  C.  to  a  constant  weight.  It  loses  all  of  its 
moisture  at  that  temperature.  While  warm  the  boat  was 
placed  in  the  weighing  tube,  allowed  to  cool,  and  weighed. 
The  boat  containing  the  cadmium  oxalate  was  then 
placed  in  a  tube  arranged  for  passing  hydrogen  sulphide 
and  supported  over  a  combustion  furnace  as  above 
described.  The  reducing  gas  was  passed  through  the 
tube  and  heat  slowly  applied.  When  the  contents  of  the 
boat  had  been  completely  changed  to  sulphide,  the  heat 
was  raised  to  incipient  redness,  and  kept  at  that  tempera¬ 
ture  for  about  one  hour.  The  cadmium  sulphide  was 
allowed  to  cool  to  about  200°  C.  in  a  slow  stream  of 
hydrogen  sulphide,  which  was  then  displaced  by  a  stream 
of  pure  dry  carbon  dioxide.  While  still  warm  the  boat 
containing  the  cadmium  sulphide  was  placed  in  the 
weighing  tube,  allowed  to  cool,  and  weighed.  In  every 


case  the  sulphide  was  re-heated  in  the  stream  of  hydrogen 
sulphide.  There  was  never  any  volatilisation  of  cadmium 
sulphide,  a3  the  weight  always  remained  the  same, 
although  in  some  experiments  the  sulphide  was  heated 
three  times  as  long  as  in  others.  Moreover,  there  was 
never  any  sign  of  volatilisation  either  on  the  boat  or  on 
the  tube.  Ten  experiments  by  the  above  method  gave  the 
following  results  : — 

Series  III. 


Weight  of 

Weight  of 

cadmium  oxalate 

cadmium  sulphide 

Atomic 

taken. 

found. 

weight. 

X 

..  1-57092 

1-13065 

111-812 

2 

..  173654 

1-24979 

III786 

3 

..  2-19276 

i'57825 

111-824 

4 

..  1-24337 

0-89492 

111-823 

5 

..  1-18743 

0-85463 

111-807 

6 

..  I-54038 

1-10858 

111-771 

7 

..  1-38905 

0-99974 

III-8o6 

8 

..  2-03562 

I‘45^I7 

HI-833 

9 

..  2-03781 

1-46658 

ixi'774 

10 

..  1-91840 

1-38075 

111-814 

Total  ..  16-85228 

12-12906 

(xix-8o5o) 

Mean  value 

111-805 

Maximum 

111-833 

Minimum 

111-771 

Difference.. 

0-062 

Probable  error. . 

0*009 

The  mean  of  the  three  series  gives  111-8015  as  the 
atomic  weight  of  cadmium,  with  0  =  i6. 

The  following  is  a  description  of  the  methods  and 
apparatus  used  in  the  weighings  : — In  the  experiments  by 
Lenssen’s  method  two  crucibles  were  used,  one  as  a 
counterpoise.  This  dummy  was  treated  in  every  respedt 
in  the  same  manner  as  the  crucible  containing  the  material 
operated  upon.  For  weighing  the  crucibles,  small  beakers, 
with  glass  covers  ground  on,  were  provided.  These 
beakers  were  adjusted  so  that  their  weights  were  approxi¬ 
mately  equal.  The  balance  being  provided  with  two 
riders,  one  of  them  was  used  to  obtain  adjustment  with 
the  beakers  on  the  pans,  while  the  other  was  used  in  the 
adtual  weighing  after  the  crucibles  were  introduced.  The 
beakers  were  never  touched  with  the  hands,  but  were 
taken  in  and  out  of  the  balance  case  by  means  of  tongs, 
and  the  crucibles  were  introduced  into  the  beakers  with 
platinum  forceps.  The  adjustment  of  the  balance  with 
the  beakers  on  the  pans  was  tested  before  and  after  every 
weighing,  and  during  the  entire  series  of  experiments  the 
greatest  variation  was  o-oooi  grm. 

Forweighing  the  boats  used  in  the  second  and  third  series 
of  experiments,  light  glass  tubes,  with  accurately  fitting 
stoppers  of  glass,  were  made.  Two  boats  were  used  in 
every  experiment,  one  as  a  counterpoise.  The  boats, 
while  still  warm,  were  placed  in  the  tubes  and  the  tubes 
stoppered.  When  quite  cold  the  stoppers  were 
momentarily  loosened  to  restore  the  atmospheric  equili¬ 
brium  inside  the  tubes. 

The  balance  used  was  most  accurate  and  highly  sensi¬ 
tive,  of  the  short  arm  pattern,  with  an  aluminium  beam. 
With  a  load  of  30  grms.  in  each  pan  the  resting  point  was 
displaced  two  whole  divisions  by  o'oooi  grm.  The 
weights  were  adjusted  with  the  utmost  care,  especially 
for  this  work.  The  weighings  in  all  experiments  were 
reduced  to  the  vacuum  standard. — American  journal  of 
Science ,  Vol.  xl.,  No.  239. 


Determination  of  Carbon  Dioxide  by  Difference  of 
Weight. — H.  Borntrager. — The  author  recommends  the 
use  of  nitric  acid  for  the  expulsion  of  the  gas  in  prefer¬ 
ence  to  hydrochloric.  Any  nitrogen  compounds  formed 
are  absorbed  in  the  state  of  nitrose  by  the  sulphuric  acid 
used  for  drying  the  gas.—  Zeit.f.  Analyt.  Chem.,  xxix.,  2. 
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Certificates  were  read  for  the  first  time  in  favour  of 
Messrs.  Gustavus  Anthony  Abrines,  Waterport  Street, 
Gibralter;  William  Baxter,  Fordingbridge,  Hants;  T. 
St.  John  Belbin,  Bolton  Mansions  Hotel,  South  Kensing¬ 
ton  ;  John  Thomas  Brierley,  249,  Bolton  Road,  Chorley, 
Lancashire  ;  William  J.  Butcher,  Emanuel  College, 
Wandsworth  Common  ;  William  Waters  Butler,  Elmdon, 
Selly  Park,  near  Birmingham  ;  Frank  Brownsword, 
Heaton  Moor,  Stockport;  M.  Kelway  Bamber,  The 
Lodge,  St.  Waltham,  Chelmsford;  Ernest  Bentz,  147, 
Bishop  Street,  Alexandra  Park,  Manchester;  Arthur  E. 
Barrows,  Bloomfield  Iron  Works,  Tipton,  Staffordshire; 
W.  E.  B.  Blenkinsop,  15,  Earlsfield  Road,  Wandsworth 
Common;  Thomas  Arthur  Cheetham,  29,  Park  Road, 
Glasgow;  Arthur  William  Crosskey,  Bentcliffe,  Accring¬ 
ton  ;  Arthur  William  Cooke,  15,  Belle  Vue  Terrace, 
Leeds;  Frederick  Hudson  Cox,  79,  Angell  Road,  Brixton, 
S.W.  ;  William  L.  Dudley,  Nashville,  Tennesee,  U.S.A. ; 
Thomas  Edwards,  Brewery  House,  Rhymney,  Monmouth¬ 
shire  ;  Walter  N.  Edwards,  4,  Herne  Hill  Road,  S.E. ; 
Thomas  S.  Goodwin,  Montgomery  Cottage,  Newton, 
Glasgow  ;  Alfred  Henry  Green,  Oaklands,  Lowton, 
Newton-le-Willows  ;  William  Mahowe  Heller,  St.  Dun- 
stan’s  College,  Catford,  S.E. ;  John  C.  Hewlett,  Elm¬ 
hurst,  Beckenham,  Kent  ;  Charles  Terry  Holloway, 
Apsley  Villa,  Lewisham  High  Road,  S.E.  ;  John  Richard 
Jackson,  51,  Abbotsford  Place,  Glasgow;  John  Jackson, 
Tredegar  Road,  Rhymney  ;  Joseph  Lunt,  5,  South  View, 
Eccleston  Road,  Ealing,  W.  ;  George  Griffiths  Reason, 
Ashfield  Cottage,  Stoke-on-Trent ;  Harry  C.  Myers, 
Strassburg,  Germany  ;  William  Mackeay,  2,  Victoria 
Mansions,  S.W. ;  Thomas  Smith  Murray,  7,  Gayfield 
Square,  Edinburgh  ;  William  Reginald  Ormandy,  Park 
Road,  Newton-le-willows  ;  James  Alexander  Pond,  Auck¬ 
land,  New  Zealand;  Thomas  Platts,  7,  Victoria  Street, 
London ;  Henry  Ramsen  Redman,  10,  The  Gardens, 
Dulwich,  S.E. ;  G.  H.  Robertson,  30,  Hemstali  Road,  West 
Hampstead,  N.W. ;  Charles  William  Seacombe,  Church 
Park,  Witchurch,  Tavistock;  Ernest  Henry  Sainter,  176, 
High  Street,  Redcar ;  J.  Napier  Spence,  9,  Headstone 
Terrace,  Harrow;  Thomas  Steel,  Jarraville,  Melbourne, 
Victoria;  John  Joseph  Sudborough,  nr,  Stratford  Road, 
Birmingham  ;  Charles  Thomas  Sprayne,  Reinsgraben, 
Gottingen;  Francis  Henry  Tate,  9,  Hackins  Hey,  Liver¬ 
pool  ;  John  Cundall  Wood,  32,  Frederick  Street,  Sunder¬ 
land  ;  George  Henry  Wadsworth,  3,  Southfield  Square, 
Lamb  Lane,  Bradford;  Sidney  Wood,  5,  Woodview, 
Bradford,  Yorks  ;  George  Young,  5,  Colinton  Road, 
Edinburgh. 

The  following  papers  were  read  : — 

83.  “  The  Magnetic  Rotation  of  Saline  Solutions .”  By 
W.  H.  Perkin,  Ph.D.,  F.R.S. 

On  account  of  the  remarkable  results  given  by  solutions 
of  the  halhydrides  and  their  compounds  with  ammonia 
and  organic  bases  when  examined  as  to  their  magnetic 
rotatory  power  (cf.  Chetn.  Soc.  Trans.,  18S9,  740),  it  be¬ 
came  important  to  study  the  solutions  of  metallic  salts  in 
a  similar  manner,  and  although  the  work  which  has  been 
done  in  this  direction  is  incomplete,  and  may  occupy 
some  time  yet,  the  results,  as  far  as  they  go,  are  of  in¬ 
terest,  especially  in  relation  to  the  question  of  the  condi¬ 
tion  of  substances  in  solution.  The  substances  which 
have  been  examined  up  to  the  present  are  chiefly  chlorides, 
bromides,  iodides,  nitrates,  a  nitrite,  sulphates,  and  phos¬ 
phates,  also  hydroxides  of  the  alkali  metals. 

In  the  following  comparisons,  the  values  taken  for  the 
halogens  are  those  found  for  them  in  their  compounds 


with  the  alcohol  radicles,  i.e.,  Cl  =  1733,  Br  =  3-562, 
1  =  7757.  Those  for  the  metals  are  deduced  from  the 
rotations  of  their  nitrates,  because  in  the  case  of  am¬ 
monium  nitrate,  it  was  found  that  this  salt  gave  a  rotatijn 
which  was  practically  normal,  and  the  salts  of  the  metals 
have  been  found  to  behave  in  a  similar  manner  to  those 
of  ammonium.  Should  there  be  any  errors  in  these  cal¬ 
culated  values  of  the  metals  they  will  be  but  small,  and 
therefore  will  not  materially  influence  the  character  of 
any  deductions  that  may  be  made  from  the  rotation  of 
their  compounds.  They  are  Na  =  o-558,  K  =  o’Sog, 
Li  =  o-398,  Ca  =  o'6gi,  Mg  =  o'577. 

The  solutions  examined  were  for  the  most  part  either 
saturated  or  supersaturated  ;  in  the  case  of  sodium 
iodide,  lithium  nitrate,  and  sodium  hydroxide,  two 
strengths,  varying  considerably  from  each  other,  were 
taken,  but  the  results  were  found  to  be  practically  the 
same.  In  the  case  of  lithium  chloride,  wffiich  forms  much 
stronger  solutions  than  any  of  the  other  chlorides,  bro¬ 
mides,  or  iodides  examined,  the  rotation  increased  on  dilu¬ 
tion,  as  in  the  case  of  hydrogen  chloride. 

LiCl  +  3 ’213  mol.  OH2  gave  4-166  mol.  rot. 

.  >1  +  7’4XI  i!  >>  4'559  n 

„  +  11760  „  „  4-697  „ 


At  present,  this  is  the  only  salt  known  the  rotatory 
power  of  wffiich  changes  with  the  amount  of  wrater  used, 
and  probably,  like  hydrogen  chloride,  it  will  be  found  to 
give  a  stationary  value  before  the  above  dilution  of 
11-760  mols.of  water  is  reached  ;  but  further  experiments 
must  be  made  to  establish  the  facts  of  the  case. 

In  two  instances,  the  effect  of  varying  temperature  was 
tried.  A  solution  of  sodium  bromide  was  examined  at  16° 
and  78-5°;  in  this  case  there  was  a  small  reduction  in  the 
molecular  rotation  at  the  higher  temperature  of  0-105  ; 
with  a  solution  of  potassium  iodide,  examined  at  16-6° 
and  84-4°,  there  was  also  a  small  diminution  at  the 
higher  temperature,  but  only  of  0-024.  Substances, 
especially  if  they  have  high  rotations,  give  a  slightly 
lower  rotation  at  higher  temperatures,  like  the  above, 
than  at  lower  temperatures  :  so  that,  allowing  for  errors 
of  observation,  these  results  indicate  that  practically 
little  or  no  change  in  the  nature  of  the  solutions  took 
place  when  they  passed  from  one  temperature  to  another. 

The  following  tables  show  the  calculated  and  found 
rotations  of  the  substances  examined  and  their  relation¬ 
ship  to  each  other: — 


Haloid  Compounds. 


Calculated. 

Found. 

Ratio. 

NaCl  ..  . 

5-068 

I  :  2-212 

KC1  ... 

5'377 

i  :  2-115 

LiCI  ..  . 

4-697 

1  :  2-204 

CaCl2  . . 

.  ..  4-x57 

9-085 

1  :  2-185 

MgCl2  ..  . 

9-103 

1  :  2-252 

NaBr  ..  . 

9"°3° 

1  :  2-197 

KBr  . .  . 

•  ••  4-37x 

9‘222 

1  :  2-no 

Nal  ..  . 

.  ..  8715 

iS-S67 

1  :  2-269 

KI . 

.  ..  8-566 

18690 

1  :  2-182 

It  will  be  seen  that  the  rotations  of  these  salts,  when  in 
aqueous  solution,  are  practically  2-2  times  greater  than 
the  calculated  values  for  the  dry  substance  ;  they  are 
even  greater  than  those  of  the  analogous  ammonium 
compounds,  the  calculated  values  for  which  now  given 
differ  by  1  from  those  previously  published,  which  were 
to  this  extent  incorreCt. 


Calculated.  Found. 

NH4C1 . 3-305  6-906 

NH4Br . 5-134  10-196 

NH4I . 9329  19-996 

A  solution  containing  equi-molecular 
Nal  and  NaOH  gave  a  rotation  for  Nal  =  18-454,  or 
0-413  lower  than  that  given  by  the  iodide  alone. 


Ratio. 

i  :  1-844 
1  :  1-985 
1  :  2-144 

proportions  ot 


Action  of  Light  on  Ether . 


( 
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Hydroxides  of  Alkali  Metals. 
Calculated.  Found. 

NaOH .  i'oo6  2-433 

KOH  .  1-257  2-658 


Ratio. 

I  :  2-418 
i  :  2-114 


Here,  again,  a  remarkable  increase  of  rotation  is  ob¬ 
tained,  quite  as  great,  or  even  larger  in  one  case,  than 
with  the  halogen  salts. 

Potassium  hydroxide  in  alcoholic  solution  gives  a  some¬ 
what  lower  number  than  the  above  for  its  aqueous  solu¬ 
tion  ;  but  it  is  possible  that  some  of  the  potassium  in  this 
instance  may  be  in  combination  as  alcoholate,  and  this 
may  account  for  the  difference. 


NaHS04 
N  a2S04 
Li2S04  • 


Sulphates. 

Calculated. 

Found. 

Difference. 

.  2-419 

2-525 

0-106 

.  2-513 

2-877 

0364 

.  2'ogg 

2379 

0-280 

In  this  table  the  difference  is  given  instead  of  the  ratio, 
and  it  will  be  seen  that  it  is  but  small  compared  with  the 
foregoing,  but  it  increases  with  the  number  of  atoms  of 
metal. 

Phosphates. 


Calculated. 

Found. 

Difference. 

NaH2P04  ..  .. 

..  3-328 

3-48I 

0-153 

Na2HP04  ..  .. 

..  3-678 

4-076 

0-398 

Na3P04 

..  4-036 

5-079 

1-043 

As  in  the  case  of  the  sulphates,  the  rotation  increases 
beyond  the  calculated  with  the  number  of  atoms  of  metal ; 
in  the  last  case  the  difference  is  considerable. 

Potassium  Nitrite. — This  salt  is  interesting,  because  it 
allows  of  a  comparison  being  made  between  it  and  potas¬ 
sium  nitrate,  which  can  be  placed  side  by  side  with  a 
similar  comparison  between  isobutyl  nitrite  and  nitrate. 


kno2 . 

kno3 . 

c4h9no2..  .. 
c4h9no3..  .. 


Difference. 


i'943 

1-535 

5-5io 

5-180 


0-408. 

0-330. 


From  this  it  is  seen  that  in  both  cases  the  nitrites  give 
larger  rotations  than  the  nitrates,  and  the  differences  do 
not  vary  very  greatly,  though  sufficient  to  show  that  the 
rotation  of  potassium  nitrate  undergoes  some  change 
when  that  salt  is  in  solution. 

Nitrates. 


NaN03 .  1-284 

KN03 .  1-535 

LiN03 .  1-124 

Ca(N03)2  2-143 

Mg(N03)2 . 2-029 


It  has  been  assumed  that  the  solutions  of  the  nitrates 
give  practically  normal  results,  and  the  values  of  the 
metals  have  been  deduced  from  them  :  the  reasons  for 
this  have  already  been  given;  it  may  be  added  that  of  all 
the  salts  examined  the  nitrates  give  the  lowest  numbers 
for  the  metals.  Nevertheless,  experiments  are  in  pro¬ 
gress  to  test  the  validity  of  this  method  of  determining 
the  values  of  the  metals. 

In  considering  the  numbers  given  in  this  communica¬ 
tion,  it  is  well  to  remember  that,  owing  to  the  method 
employed  in  calculating  the  results  obtained  from  solu¬ 
tions,  all  experimental  errors  fall  upon  the  numbers  ob¬ 
tained  for  the  dissolved  substance,  and  consequently  will 
also  influence  the  differences  found  in  comparing  the  re¬ 
sults,  as  in  the  tables  given  above.  When  the  solutions 
contain  large  percentages  of  dissolved  substance,  the 
errors  are  but  small,  but  when  the  percentages  are  small 
the  errors  naturally  increase ;  on  this  account  it  will  be 
difficult  to  get  good  results  with  compounds  that  are 
sparingly  soluble  in  water. 


It  is  very  difficult  to  understand  why  the  haloid  acids, 
their  metallic  derivatives  and  also  caustic  alkalies  should 
give  such  extremely  large  rotations  when  in  aqueous  solu¬ 
tion.  If  dissociation  takes  place  there  does  not  seem  to 
be  any  reason  why  any  very  considerable  change  of  rota¬ 
tion  should  occur,  but  whatever  the  cause,  the  change 
evidently  indicates  some  very  important  difference  exist¬ 
ing  between  dissolved  and  undissolved  substances  of  these 
classes. 

Discussion. 

Dr.  Gladstone  remarked  that  similar  excessive  values 
were  obtained  on  determining  the  refractive  powers  of 
solutions  of  metallic  chlorides,  &c.,  although  the  difference 
between  the  calculated  and  observed  values  were  much 
smaller  than  in  the  case  of  Dr.  Perkin’s  measurements. 
It  was  all-important  to  determine  the  difference  in  the 
behaviour  to  light  of  a  substance  in  its  solid  state  and 
when  in  solution,  but  this  was  difficult  as  few  solids  were 
uniaxial ;  as  an  example  of  the  difference  he  mentioned 
that  in  the  case  of  sodium  chloride  the  solid  has  a  re¬ 
fraction  of  14-4,  while  that  of  the  dissolved  substance  is 
I5-3- 

Mr.  Pickering  said  that  Dr.  Perkin’s  results  must  have 
a  very  important  bearing  on  the  question  of  the  nature  of 
solutions.  When  salts  caused  a  double  depression  of  the 
freezing  point,  the  physicists  held  it  to  be  due  to  dissocia¬ 
tion  into  ions  ;  but  here  was  a  case  of  a  similar  effect 
which  cannot  well  be  attributed  to  dissociation.  As  far 
as  can  be  seen,  dissociation  would  not  double  the  rota¬ 
tion,  still  less  would  it  make  it  more  than  double,  and 
even  if  it  could  be  held  to  do  so,  such  an  explanation 
would  be  inadmissible  in  the  case  of  saturated  solutions, 
for  in  such  solutions  the  physicists  themselves  held  that 
there  is  little  or  no  dissociation. 

Professor  Ramsay  thought  that  the  abnormal  results 
may  not  be  entirely  connected  with  dissociation  into  ions, 
the  optical  phenomena  were  probably  much  more  com¬ 
plex  ;  it  was  conceivable  that  the  separated  atoms  might 
be  much  more  powerfully  affected  in  a  magnetic  field  than 
when  combined. 

84.  “  Note  on  Normal  and  Isopropylparatoluidine .” — 
By  E.  Hori  and  H.  F.  Morley. 

Desiring  to  distinguish  with  certainty  between  normal 
and  isopropylparatoluidine,  the  authors  have  prepared  the 
pure  substances  and  several  of  their  derivatives. 

The  normal  compound  boils  at  230-233° ;  its  density  at 
200  is  0-9243  grm.  per  c.c.,  and  at  the  boiling  point 
0-7543  :  hence  its  molecular  specific  volume  is  197-53 
(theory  199-5)  !  *ts  molecular  refractive  energy  is  82-5 
(theory  79-3). 

Isopropylparatoluidine  boils  at  219  221  (uncorr.)  ;  its 
density  at  20°  is  o-g226  grms.  per  c.c.,  and  at  the  boiling 
point  0-7466 ;  hence  its  molecular  specific  volume  is 
199-57;  ‘ts  molecular  refractive  energy  is  81-4. 

The  isopropylnitrosamine  is  a  crystalline  solid,  whereas 
the  isomeride  is  an  oil. 

The  normal  and  iso-compound  form  oxalates  differing 
in  solubility  and  stability. 

85.  “  The  Action  of  Light  on  Ether  in  Presence  of 
Oxygen  and  Water.  By  Arthur  Richardson. 

In  a  recent  paper  by  Professor  Dunstan  and  Mr. 
Dymond  ( Chem .  Soc.  Trans.,  i8go,  574),  it  is  stated  that 
hydrogen  peroxide  is  not  formed  when  pure  ether  is 
exposed  to  light  in  contact  with  air  and  water,  and  these 
authors  consider  that  the  formation  of  this  substance  is 
due  to  the  impurities  contained  in  the  ether,  which  can 
be  removed  by  treatment  with  potassium  bichromate  or 
iodhydric  acid.  The  author  describes  experiments  made 
with  ether  which  had  been  purified  by  some  of  the  methods 
described  by  Dunstan  and  Dymond  ;  he  finds  that  hydro¬ 
gen  peroxide  is  formed  in  the  liquid  in  every  case  after 
exposure  to  light  in  contaCt  with  moist  air  or  oxygen,  but 
not  in  the  dark  at  the  ordinary  temperature.  The  methods 
employed  to  prepare  and  purify  the  ether  are  described  in 
full  in  the  paper  ;  they  were  as  follows : — 
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1.  Commercial  “  pure  ”  ether,  from  which  the  alcohol 
had  been  removed  by  repeated  shaking  with  water,  was 
afterwards  agitated  with  potassium  bichromate. 

2.  Ether  obtained  by  the  adtion  of  pure  sulphuric  acid 
on  pure  alcohol  was  shaken  with  potash  solution  and  with 
water,  and  one  portion  was  treated  with  potassium  bi¬ 
chromate,  another  with  iodhydric  acid. 

3.  The  liquid  from  2  was  collected  after  exposure  to 
light,  and  again  agitated  with  potassium  bichromate. 

4.  Ether  prepared  from  an  entirely  different  sample  of 
pure  alcohol  and  pure  sulphuric  acid  was  treated  as  before 
with  potassium  bichromate  ;  it  was  distilled  after  being 
allowed  to  stand  over  calcium  chloride  and  then  over 
metallic  sodium.  The  ether  boiled  constantly  at  34-6'-'  at 
760  m,m.  pressure  corr.  to  o°. 

The  ether  prepared  by  these  methods  was  placed  in 
colourless  bottles,  and  air  or  oxygen  was  passed  into  the 
space  above  the  liquid  before  the  stoppers  were  inserted. 

Some  experiments  were  made  on  the  influence  of 
temperature  in  bringing  about  the  formation  of  hydrogen 
peroxide;  it  was  found  that  ether  and  moist  oxygen  ex¬ 
posed  to  a  temperature  of  75 — 88°  in  the  dark  contained, 
after  four  days,  considerable  quantities  of  this  substance  ; 
similar  results  were  obtained  when  ether  and  oxygen  were 
heated  to  6o°  for  a  period  of  forty  hours.  Ether  vapour 
and  moist  oxygen  gave  practically  no  peroxide  when 
so  heated.  It  was  found,  however,  that  liquid  ether  kept 
at  o°  contained  hydrogen  peroxide  after  exposure  to  light 
for  four  days. 

Hence,  it  appears  that  when  special  precautions  are 
taken  to  ensure  the  presence  of  oxygen  over  the  ether, 
hydrogen  peroxide  is  formed  at  ordinary  temperatures, 
and  even  at  o°  in  the  light,  but  not  in  the  dark  ;  it  is, 
however,  formed  in  absence  of  light  at  about  6o°. 

Discussion. 

Professor  Dunstan  said  that  Mr.  Dymond  and  he  had 
made  their  experiments  on  the  conditions  necessary  for 
the  formation  of  hydrogen  peroxide  from  ether,  because 
there  was  no  evidence  that  previous  workers  had  employed 
the  pure  substance.  They  had  been  unable  to  deteCt 
hydrogen  peroxide  in  ether  that  had  been  exposed  at  a 
low  temperature  to  the  eledtric  light  and  diffused  daylight. 
For  the  detection  of  hydrogen  peroxide,  reliance  had  been 
placed  on  the  characteristic  chromic  reaction  which  they 
had  proved  to  be  capable  of  indicating  o-ooo2  grm.  of  the 
substance.  Dr.  Richardson,  who  meanwhile  had  purified 
ether  by  the  method  employed  by  the  speaker,  and  still 
adhered  to  some  of  his  original  statements,  asserted  that  he 
had  detected  hydrogen  peroxide  in  ether  exposed  at  a  low 
temperature  to  white  light  by  means  of  titanium  oxide, 
but  it  appeared  that  he  had  failed  to  obtain  the  chromic 
reaction.  The  suggestions  which  Dr.  Richardson  had 
made  to  explain  why  hydrogen  peroxide  had  not  been 
formed  in  their  experiments  were  quite  untenable.  At 
least  2  litres  of  air  were  in  contaCt  with  the  exposed  ether. 
There  could  be  no  doubt  as  to  the  purity  of  the  ether  they 
had  used.  The  slight  greenish  tint  of  the  bottles  was 
shown  not  to  be  detrimental  by  the  circumstance  that 
hydrogen  peroxide  was  produced  from  specimens  of  im¬ 
pure  ether  contained  in  them.  They  had  employed  the 
eleCtric  light  partly  because  they  had  failed  to  obtain 
results  with  diffused  sunlight  in  London,  and  partly 
because  they  wished  to  ascertain  whether  pure  ether  was 
affeCted  by  violet  rays  aCting  at  a  low  temperature.  They 
had  recently  obtained  evidence  which  seemed  to  show 
that  certain  specimens  of  unpurified  ether  could  form 
hydrogen  peroxide  even  in  the  dark.  The  whole  purport 
of  Dr.  Richardson’s  first  paper  on  this  subjed  was  to 
prove  that  when  hydrogen  peroxide  is  formed  from  moist 
ether,  the  water  and  not  the  ether  is  oxidised.  I  hey  had 
opposed  this  view  as  they  were  in  possession  of  good 
evidence  that  the  ether  is  oxidised.  It  now  appeared  that 
Dr.  Richardson  had  abandoned  his  former  view,  although 
he  still  contended  that  hydrogen  peroxide  could  be  formed 
from  water  and  oxygen  alone  in  the  presence  of  light. 
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But  they  had  also  failed  to  confirm  this  statement.  No 
evidence  could  be  obtained  of  the  presence  of  hydrogen 
peroxide  in  acidulated  water  which  had  been  exposed  to 
intense  sunlight  or  to  the  eleCtric  light  (cf.  Chem.  Soc. 
Tram.,  1890,  988).  They  were  also  unable  to  confirm  the 
statement  that  pure  ether  yields  hydrogen  peroxide  when 
heated  with  air  and  water  to  50 — 6o°. 

Mr.  Dymond  said  that  Dr.  Richardson  had  not  stated 
whether  he  had  tested  his  ether  for  the  impurities  which 
are  known  to  be  invariably  present,  some  of  which  may  be 
produced  during  the  process  of  purification  employed,  and 
which  are  particularly  difficultto remove, viz., aldehyd and 
ethylene.  In  his  previous  paper,  Dr.  Richardson  had  stated 
that  after  hydrogen  peroxide  had  been  produced  in  ether,  the 
ether  remained  unaltered.  Did  he  adhere  to  that  state¬ 
ment  now  that  he  had  convinced  himself  that  the  ether 
was  concerned  in  the  production  of  the  peroxide  ?  In  the 
experiments  made  by  Professor  Dunstan  and  himself,  it 
was  always  noticed  that  when  peroxide  of  hydrogen  was 
produced  from  ether,  the  ether  afterwards  contained 
aldehyd,  acetic  acid,  and  other  substances. 

Mr.  Groves,  referring  to  Dr.  Richardson’s  statement 
that  he  had  found  that  pure  dry  ether  was  aCted  on  when 
exposed  with  oxygen,  said  that  this  result  was  contrary  to 
recent  experience  as  to  the  influence  of  water  in  promoting 
chemical  change ;  it  was  difficult  to  conceive  how 
hydrogen  peroxide  could  be  produced  in  such  a  case. 

Mr.  Pickering  inquired  why  so  minute  an  amount  of 
peroxide  was  obtained  ;  if  pure  ether  afforded  hydrogen 
peroxide  when  oxidised,  it  was  to  be  expected  that  the 
aCtion  would  continue,  and  that  a  larger  proportion  would 
result. 

Dr.  Perkin  said  that  the  alcohol  was  best  removed  from 
ether  by  means  of  phosphoric  anhydride.  Dr.  Japp  men¬ 
tioned  that  Professor  Frankland  had  always  used  this 
substance  in  purifying  the  ether  used  in  preparing  zinc 
methide ;  and  Professors  Ramsay  and  Dunstan  subse¬ 
quently  stated  that  they  had  employed  it  with  good  results. 

Dr.  Richardson,  in  reply,  stated  that  he  did  not  see 
that  Professor  Dunstan’s  ether  had  any  claim  to  greater 
purity  than  that  used  by  himself.  On  the  contrary,  the 
faCt  that  Professor  Dunstan’s  ether  distilled  only  within  | 
degree  showed  that  it  was  not  so  pure  as  that  used  by 
him,  which  distilled  within  i-ioth  degree.  The  ether  used 
by  the  speaker  was  fouud  to  be  without  aCtion  on  potas¬ 
sium  iodide  in  the  dark  after  contaCt  with  the  solution  for 
two  weeks.  With  regard  to  the  remarks  made  on  the 
quality  of  the  bottles  used,  it  appeared  to  hirn  that  the 
faCt  that  methylated  ether  was  found  to  contain  H202 
after  exposure  to  light  in  greenish  glass  bottles,  did  not 
show  that  the  formation  of  this  body  was  in  this  case 
brought  about  by  light  at  all,  for,  a3  Professor  Dunstan 
had  just  pointed  out,  impure  ether  which  had  been  kept 
in  the  dark  was  found  to  contain  this  substance.  He  did 
not  see  that  the  absence  of  II202  in  Dunstan’s  ether  could 
be  accounted  for  by  the  use  of  the  electric  light,  for 
Professor  Dunstan  states  {Chem.  Soc.  Trans.,  1890,  579) 
that  in  one  series  ether  was  exposed  for  two  months  to 
much  sunlight  during  August  and  September,  the  tempera¬ 
ture  ranging  between  15 — 25’,  but,  under  these  circum¬ 
stances,  no  H202  was  formed.  The  speaker  would  like  to 
point  out  that  in  all  except  the  last  sample  of  ether  he 
had  obtained  sufficient  II202  after  exposure  to  give  the 
blue  colouration  with  K2Cr207  ;  in  the  last  case,  however, 
the  time  of  exposure  had  been  necessarily  short,  and  the 
light  exceedingly  poor,  so  that  the  presence  of  H202 
could  only  be  detected  by  the  more  delicate  tests  such  as 
KI  and  H2Ti03.  He  was  not  surprised  to  learn  that 
Professor  Dunstan  had  failed  to  obtain  H202  on  exposing 
H20  to  light,  for  in  the  formation  of  this  body,  under 
these  conditions,  many  special  precautions  must  be  ob¬ 
served,  such  as  keeping  the  temperature  low,  &c.,  as  he 
found  that  the  H202  first  formed  was  very  readily  decom- 
I  posed. 

In  reply  to  Professor  Pickering,  Dr.  Richardson  wished 
to  point  out  that  other  products  of  decomposition  were 
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formed  when  ether  was  exposed  to  light,  some  of  which 
might  probably  decompose  the  peroxide  first  formed; 
thus  a  specimen  of  ether  which  had  been  exposed  with 
water  and  oxygen  to  light  for  18  months  contained  no 
H2O2,  the  smell  of  the  ether  had  changed,  and  black 
particles  were  seen  floating  in  the  liquid — this  was  a  point 
which  the  author  hoped  to  further  investigate,  however. 

86.  “  Action  of  Ammonia  and  Methylamine  on  the  Oxy- 
lepidens."  By  Felix  Klingemann,  Ph.D.,  and  W.  F. 
Laycock,  Ph.D. 

This  investigation  was  undertaken  with  the  object  of 
ascertaining  whether  the  analogy  which  was  shown  by 
Japp  and  Klingemann  to  prevail  between  the  interactions 
of  ajS  dibenzoylcinnamene  and  those  of  dibenzoylstilbene 
(Zinin’s  “  acicular  oxylepiden  ”)  was  preserved  in  the 
behaviour  of  these  compounds  with  ammonia  and  amines. 
The  authors  find  that  this  is  the  case. 

On  heating  dibenzoylstilbene  with  alcoholic  ammonia 
at  2000,  it  is  converted  into  a  mixture  of  two  isomeric 
compounds  of  the  formula  C28H2iNO:  dibenzoylstilben- 
imide,  which  is  deposited  from  benzene  in  crusts  of  yellow 
prismatic  crystals  melting  at  180 — 182°,  and  corresponds 
with  bibenzoylcinnamenimide ;  and  tetraphenylpyrrholone, 
which  crystallises  in  pale  yellow  square  plates  melting  at 
206 — 207°,  corresponding  with  triphenylpyrrholone.  Di- 
benzoylstilbenimide  is  converted  by  heating  at  3x0°  into 
tetraphenylpyrrholone,  just  as  dibenzoylcinnamenimide  is 
converted  into  triphenylpyrrholone.  The  constitution  of 
tetraphenylpyrrholone  is  shown  by  the  fad  that  it  is  also 
obtained  by  heating  tetraphenylcrotoladone  (Zinin’s 
“  tabular  oxylepiden  ”)  with  alcoholic  ammonia  at  200° : — 


(C6H5)2C— c-c6h5 

I  II  +H20. 
CO  c-c6h5 


(C6H5)2C— c-c6h5 

I  II  +NH3  = 

CO  c-c6h5 

\/ 

O  NH 

Tetraphenylcrotoladone.  Tetraphenylpyrrholone. 

By  the  adion  of  nascent  hydrogen  (from  sodium  and 
boiling  amyl  alcohol)  tetraphenylpyrrholone  is  converted 
into  tetraphenylpyrrholidone, — 

(C6H5)2C— ch-c6h5 

CO  CH'C6H5, 

\/ 

NPI 

which  crystallises  from  alcohol  in  slender  pale  brown 
needles  melting  at  2370. 

When  dibenzoylstilbene  is  heated  with  an  alcoholic 
solution  of  methylamine  at  200°,  it  is  conveited,  with 
elimination  of  water,  into  methyltetraphenylpyrrholone, — 

(C6H5)2C— c-c6h5 

I  II 

CO  c-c6h5, 


n-ch3 

which  crystallises  from  hot  alcohol  in  thin  faintly  yellowish 
asymmetric  plates  melting  at  1610. 

On  the  other  hand,  tetraphenylcrotoladone  unites 
diredly  with  methylamine  at  150°,  forming  benzoyl- 
triphenylpropiomethylamide, — 

(C6H5)2C— C-C6H5  (C6H5)2C-CH-C6H5 

|  II  +NH2’CH3  =  I  I 

CO  C'CeHj  CH3-NH  OCCO-C6H5) 

which  crystallises  from  glacial  acetic  acid  in  lustrous 
plates  melting  at  267°.  When  this  compound  is  distilled 
under  reduced  pressure,  it  parts  with  water  and  is  con¬ 
verted  into  methyltetraphenylpyrrholone.  The  crystal 
line  form  of  the  compound  thus  obtained  differed, 
however,  from  that  of  the  same  substance  from  di 
benzoylstilbene,  and  the  melting-point  was  found  at  158°, 
instead  of  1610 ;  but  the  authors  attribute  these  differences 
to  dimorphism,  as  in  the  case  of  the  corresponding 
triphenyl  derivatives  prepared  by  Japp  and  Klingemann. 


87  “  Condensation  of  Acetone-phenanthroquinone."  By 
G.  H.  Wadsworth. 

The  author  finds  that  by  the  dehydrating  action  of  a 
mixture  of  concentrated  sulphuric  acid  and  absolute 
alcohol,  acetone-phenanthraquinone  is  converted  into  a 
compound  of  the  formula  C34H2203  —  2Ci7Hi403  —  3H20. 
It  crystallises  from  benzene  in  tufts  of  minute  needles 
melting  at  238°  C. 

88.  “  Contributions  to  the  Knowledge  of  Mucic  Acid. 
Part  IV.  Action  of  Phosphorus  P entachloride  on  Mucic 
Acid."  By  S.  Ruhemann.  Ph.D.,  M.A.,  and  S.  F. 
Dufton,  B.A.,  B.Sc. 

The  authors  find  that  mucic  acid  is  converted  by  the 
adion  of  phosphorus  pentachloride  into  a  crystalline 
compound  which,  assuming  dichloromuconic  acid  to  be 
an  acid  of  the  formula — 

CC1-CH-C00H 

I 

CCPCHCOOH 
may  be  represented  by  the  formula — 

CC1(P0C12)-CH(0H).C0CI 

I 

CC1(P0C12)-CH(0H)-C0C1 

On  dissolving  this  substance  in  water  and  carefully  con¬ 
centrating  the  solution,  large  colourless  rhombic  crystals 
of  the  corresponding  phosphorodichloromuconic  acid  are 
obtained;  several  salts  of  this  acid  are  described,  among 
others,  one  formed  by  the  combination  of  6NH3  with  the 
acid.  The  phosphochloride  is  converted  by  the  adion  of 
phosphorus  pentachloride  at  120°  into  dichloromuconyl 
chloride,  hydrogen  chloride,  and  phosphorus  oxychloride. 

The  authors  have  succeeded  in  converting  the  isomeride 
of  Bode’s  dichloromuconic  acid  discovered  by  Ruhemann 
and  Elliot  (cf.  Chem.  Soc.  Trans.,  1890,  931)  into  Bode’s 
acid,  by  adding  a  small  quantity  of  bromine  to  the  cold 
aqueous  solution  ;  they  therefore  conclude  that  the 
isomeric  dichloromuconic  acids  are  related  to  each  other 
much  as  are  maleic  and  fumaric  acids. 

89.  “  Halogens  and  the  Asymmetrical  Carbon  Atom." 
By  T.  H.  Easterfield. 

At  the  suggestion  of  Professor  Emil  Fischer,  the  author 
has  endeavoured  to  prepare  active  haloid  derivatives 
similar  in  constitution  to  Le  Bel’s  optically  active 
secondary  amyl  iodide,  CH3-CHI-C3H7,  which  at  present 
stands  alone  as  the  only  active  compound  in  which  a 
halogen  is  united  to  the  asymmetric  carbon  atom.  His 
results  are  negative.  Thus  adtive  mandelic  acid  gave  in¬ 
active  phenylbromacetic  acid  when  heated  with  brom- 
hydric  acid  at  a  temperature  not  exceeding  50°;  and  no 
resolution  of  the  acid  into  adtive  constituents  was  effected 
by  means  of  alkaloid  salts. 

The  following  are  the  Titles  of  Papers  received  and 
printed  in  the  Transactions  during  the  recess  :  — 

68.  “  Crystallographical  Relations  of  the  Derivatives  of 
Dibenzoylcinnamene.”  By  Alfred  E.  Tutton,  Demon¬ 
strator  in  Chemistry  at  the  Normal  School  of  Science, 
South  Kensington. 

69.  “  Note  on  a  Compound  from  Benzoin  and  Acetone.” 
By  Francis  R.  Japp,  F.R.S.,  and  Julius  Raschen,  Ph.D. 

70.  “  Researches  on  Normal  and  Mixed  Diazoamides.” 
By  Raphael  Meldola,  F.R.S.,  and  F.  W.  Streatfeild, 
F.I.C. 

71.  “  Note  on  the  Action  of  Nitric  Acid  on  Dibroma- 
naphthol.”  By  Raphael  Meldola,  F.R.S.,  and  Frank 
Hughes. 

72.  “  A  New  Method  for  the  Estimation  of  Nitrates  and 
Nitrites  in  Water.”  By  R.  Ormandy  and  J.  B.  Cohen, 
Ph.D.,  Owens  College,  Manchester. 

73.  “  A  New  Monobromocamphor.”  By  T.  E.  Marsh. 

74.  “  Contributions  to  the  Knowledge  of  Mucic  Acid. 
Part  II.  Action  of  Phosphorous  Pentachloride  on  Mucic 
Acid.”  By  S.  Ruhemann,  Ph.D.,  M.A.,  and  W.  J. 
Elliott,  B..A, 
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75.  “  Contributions  to  the  Knowledge  of  Mucic  Acid. 
Part  III.  Hydromuconic  Acid.”  By  S.  Ruhemann, 


Ph.D.,  M.A. 

76.  “  Note  on  the  Reduction  of  Aromatic  Amides.”  By 
A.  Hutchinson,  B.A.,  Scholar  of  Christ’s  College,  Cam¬ 
bridge. 

77.  ‘‘Some  Improved  Vacuum  Joints  and  Taps.”  By 
W.  A.  Shenstone. 

78.  “The  Production  of  Camphor  from  Turpentine.” 
By  J.  E.  Marsh,  B.A.,  and  R.  Stockdale,  B.A. 

7g.  “/>-Desylphenol.”  By  Francis  R.  Japp,  F.R.S., 
and  G.  H.  Wadsworth,  Associate  of  the  Normal  School 
of  Science. 

80.  “  Paraxylenesulphonic  Acids.”  By  Gerald  T. 
Moody,  D.Sc.,  Demonstrator  in  the  Chemical  Department, 
City  and  Guilds  of  London  Institute,  Central  Institution, 
and  T.  G.  Nicholson. 

81.  “ACtion  of  Phosphoric  Anhydride  on  Fatty  Acids. 
Part  II.”  By  F.  Stanley  Kipping,  Ph.D.,  D.Sc. 

82.  “  An  Investigation  of  the  Conditions  under  which 
Hydrogen  Peroxide  is  Formed  from  Ether.  (Second 
Notice.)”  By  W.  R.  Dunstan  and  T.  S.  Dymond. 
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November  14,  1890. 

Prof.  W.  E.  Ayrton,  F.R.S.,  President,  in  the  chair. 

The  following  communications  were  made  : — 

“  On  Certain  Relations  existing  amongst  the  Refractive 
Indices  of  the  Chemical  Elements."  By  the  Rev.  T. 
Pelham  Dale,  M.A. 

The  first  part  of  the  paper  corroborates  the  results 
announced  in  a  communication  made  in  May,  1889,  on  the 
same  subject,  and  says  that,  as  far  as  experimental  data 
are  forthcoming,  the  refraction  (/x  —  1),  divided  by  the  vapour 
density  (d),  is  equal  to  a  constant  multiplied  by  some 
integer.  Several  metals  whose  refractions  have  since 
been  determined  conform  to  this  law.  On  examining  the 
relation  between  molecular  weight  (M)  and  refraction, 
similar  conclusions  are  arrived  at,  for,  to  a  fair  degree  of 
approximation,  the  ratio  Mfx-  1  is  a  constant  or  a  simple 
multiple  of  this  constant. 

The  question  as  to  how  far  the  relation  fx  —  i/d  =  c  holds 
good  for  the  same  element  in  the  three  states  of  vapour, 
liquid,  and  solid,  has  been  examined  as  far  as  data  exist 
for  this  purpose.  The  resulting  numbers  are  not  identical, 
but  some  of  the  data  themselves  are  doubtful. 

Another  relation  is  between  the  molecular  distances  ( h ) 
(see  Proc.  Phys.  Soc.,  vol.  ix.,  p.  167),  and  the  atomic 
weight  (a)  of  the  elements,  h  being  nearly  proportioned 
to  Vo7  In  the  case  of  selenium,  sulphur,  and  phosphorus, 
the  agreement  is  close,  but  for  bromine,  chlorine,  and  car¬ 
bon,  not  so  good. 

A  fifth  relation  appears  to  exist  between  the  upper  limit 
of  refraction  and  the  line  speCtra  of  elements.  For 
example,  the  upper  limit  of  refraction  for  selenium  occurs 
at  wave  length  5295'7,  whilst  its  speCtrum  exhibits  a 
remarkable  series  of  strong  lines  about  this  wave  length. 
A  similar  relation  apparently  holds  with  sulphur,  phos¬ 
phorus,  and  bromine.  Gold  also  shows  a  series  of  strong 
lines  about  C,  in  the  vicinity  of  which  the  metal  has  the 
greatest  reflective  power. 

The  author  finds  that  selenium  polarises  and  reflects 
nearly  all  the  light  that  falls  on  it  at  a  large  angle,  and 
suggests  that  it  may  be  used  in  polariscopes. 

He  has  also  endeavoured  to  connect  together  the 
phenomena  of  a  limit  of  refraction  and  anomalous  dis¬ 
persion.  In  the  case  of  fuchsin  the  dark  space  coincides 
with  the  limit  of  refraction,  and  the  same  is  probably 
true  of  cyanin.  If  one  of  the  anomalous  indices  be 
given  the  other  can  be  found.  He  also  believes  that 
bodies  of  high  molecular  weight  give  anomalous  dis¬ 
persion,  and  thinks  solutions  of  iodine  will  exhibit  the 
phenomenon. 
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The  mathematical  investigation  of  the  whole  subject 
involved  difficulties  arising  from  the  want  of  reliable  data, 
and  the  author  hopes  that  some  member  will  take  up  the 
necessary  experimental  determinations. 

Dr.  Gladstone  thought  the  author  under-estimated  the 
amount  of  work  done  and  in  progress  on  the  subject ;  for 
the  question  whether  /x  —  x/d  is  constant  or  not  is  being 
investigated  by  many.  The  French  physicists,  he  said, 
had  found  the  quantity  nearly  constant,  but  Lorenz’s  ex¬ 
pression,  /x2  —  i//ua  +  2,  is  slightly  better  when  applied  to 
compounds  in  the  liquid  and  gaseous  states.  Metals  were 
difficult  to  deal  with,  especially  as,  according  to  the  re¬ 
cent  paper  of  Du  Bois  and  Reubens,  their  refractions  do 
not  follow  the  law  of  sines. 

Mr.  Dale  here  suggested  that  they  might  be  related  to 
hyperbolic  sines. 

Dr.  Gladstone,  continuing,  said  that  by  taking  solu¬ 
tions  of  metals,  it  was  found  that  their  specific  refractive 
energies  were  nearly  inversely  as  the  square  of  their  com¬ 
bining  weights,  but,  at  present,  the  known  cases  were  not 
sufficient  to  establish  a  law. 

Prof.  Rucker  said  that  of  the  two  expressions,  /x—  i/d 
and  n 2  —  i/fx*  +2,  the  latter  seemed  preferable,  for  it  could 
be  converted  into  electrical  quantities  by  writing  k  for  ju2. 
The  expression  then  became  k—  i/k  +  2,  and  if  this  can  be 
shown  to  be  constant  by  electrical  work,  this  would  be  an 
argument  in  its  favour. 

On  the  subject  of  anomalous  dispersion,  he  directed  Mr. 
Dale’s  attention  to  Mr.  Glazebrook’s  “  Report  on  Optical 
Theory”  made  to  the  British  Association. 

Mr.  Dale,  in  reply,  pointed  out  that  from  the  nature  of 
the  two  formulae,  an  inaccuracy  or  variation  in  /x  would 
affeCt  theirs  more  than  Lorenz’s.  He  thought  that  /x  —  i/d 
was  a  limit  towards  which  the  numbers  tend. 

“  Tables  of  Spherical  Harmonics."  With  Examples  of 
their  Practical  Use.  By  Prof.  J.  Perry,  F.R. S. 

The  author  defined  a  Spherical  Harmonic  as  a  homo¬ 
geneous  function  of  x,  y,  z,  satisfying  the  equation — 

dzV  ,  d-V  ,  rf2V 

-  +  -  +  -  =  o, 

dx*  dy 2  dz2 

stated  the  fundamental  properties  of  such  functions,  and 
pointed  out  their  importance  in  problems  on  heat,  elec¬ 
tricity,  and  hydrodynamics.  Referring  to  zonal  harmonics 
(homogeneous  functions  of  (xz+y2)k  and  2),  he  showed 
that  these  harmonics  are  symmetrical  with  respeCt  to  the 
axis  of  z,  and  might  be  expressed  as  functions  of  the  angle 
(0)  which  the  line  joining  the  point  (x,  y,  z)  to  the  origin 
makes  with  the  axis  of  z,  multiplied  by  n  ;  where  r  is 
the  radius  sector,  and  i  the  degree  of  the  homogeneous 
function.  These  functions  of  0  are  called  zonal  surface 
harmonics,  and  are  designated  by  P0,  Pi,  P2,  and  Pi,  ac¬ 
cording  to  the  degree  of  the  function.  It  was  the  values 
of  these  quantities  which  form  the  tables  brought  before 
the  Society. 

The  tables  comprise  the  values  of  Pi  to  Ps,  and  are 
calculated  to  four  places  of  decimals,  and  for  every  i°  be¬ 
tween  0°  and  90’. 

As  an  example  of  the  use  of  such  tables,  the  case  of  a 
spherical  surface  covered  with  attracting  matter,  whose 
density  varied  as  the  square  of  its  distance  from  a  diametri¬ 
cal  plane,  was  taken.  It  was  required  to  find  the  potential 
both  outside  and  inside  the  sphere,  and  to  determine  the 
equipotential  surfaces  and  lines  of  force.  The  potentials 
jnside  (A)  and  outside  (B)  were  shown  to  be  given  by — 

A  o  >  16  2D  B  8  .  16  1  r, 

_  =  8  -f-  — r2 P2  and  —  =  _  +  — -  —  P2 
7 r  5  7r  r  5  r3 

respectively.  By  giving  A  and  B  definite  values,  and 
choosing  values  of  r,  the  corresponding  P2’s  can  be  cal- 
culated,  and  the  values  of  0  determined  from  the  tables. 
Hence,  any  equipotential  surface  can  be  easily  determined, 
and  lines  drawn  to  cut  the  surfaces  orthogonally  are  lines 
of  force. 

Another  problem  which  had  been  tried  consisted  in 
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finding  the  directions  of  the  lines  of  force  near  a  circular 
coil  of  rectangular  cross-seCtion,  when  an  eleCtric  current 
circulates  in  the  coil.  This  was  treated  approximately  by 
first  calculating  the  potential  at  six  points  along  the  axis 
in  the  neighbourhood  of  the  coil,  and  then  finding,  by 
Gauss’  method,  the  coefficients  A0,  A x,  Az,  &c.,  of  an  ex¬ 
pression  in  ascending  powers  of  z,  which  agreed  with  the 
calculated  potentials  at  the  points  chosen.  The  formula 
V  =  A0  +  AIrPi  + A2r2P2£,  &c.,  or  its  corresponding  ex¬ 
pression  in  inverse  powers  of  r,  was  then  assumed  to  give 
the  potential  at  any  point  in  the  space  considered.  By 
giving  V  definite  values,  a  series  of  equipotential  surfaces 
were  determined,  and  the  lines  of  force  drawn.  On 
putting  the  calculations  to  the  test  of  experiment,  the 
approximate  solution  of  this  very  difficult  problem  was 
found  to  be  very  nearly  corred. 


NOTICES  OF  BOOKS. 

Asbestos:  its  Properties ,  Occurrence,  and  Uses.  With 

some  Account  of  the  Mines  of  Italy  and  Canada.  By 

Robert  H.  Jones.  London:  Crosby  Lockwood  and 

Son. 

This  work  took  its  origin  in  a  pamphlet  on  the  Canadian 
Asbestos  Mines,  and,  as  the  author  followed  up  the  sub¬ 
ject,  it  has  expanded  into  an  account  of  asbestos  deposits 
throughout  the  world,  and  a  summary  of  the  industrial 
applications  —  adual  or  suggested  —  of  this  singular 
mineral. 

It  is  a  singular  fad  that,  whilst  the  fire-proof  character 
of  asbestos  was  known  and  studied  in  antiquity,  the 
material  afterwards  fell  into  disuse,  and  has  only  lately 
come  again  into  notice. 

Whilst  fully  accepting  what  Mr.  Jones  has  to  say  on 
the  many  valuable  attributes  of  asbestos,  we  cannot 
accept  his  statement  that  “  occupying  the  position  of  a 
connecting  link  between  the  animal,  vegetable,  and 
mineral  kingdoms,  it  possesses  some  of  the  characteristics 
of  all  three.” 

Concerning  its  fire-proof  properties,  he  gives  a  hint 
which  may  prevent  disappointments.  Some  varieties,  we 
are  told,  have  resisted  a  temperature  of  5000°  F.,  but  the 
hydrous  varieties  lose  their  flexibility  and  become  brittle 
at  high  temperatures. 

The  traditions  handed  down  concerning  the  use  of 
cloth  woven  from  this  fibre,  and  capable  of  being  cleansed 
by  throwing  it  into  a  charcoal  fire,  are  sufficiently  vague. 

The  possession  of  such  a  cloth  is  ascribed  to  Charle-  l 
magne,  or,  according  to  another  version  of  the  same  story, 
to  Charles  V. 

Marco  Polo,  about  a.d.  1300  mentions  the  occurrence 
of  this  mineral  in  the  region  now  known  as  Siberia,  and 
gives  a  very  accurate  account  of  its  extraction  and  pre¬ 
paration  for  use. 

The  economic  importance  of  the  Canadian  deposits  of 
asbestos  does  not  seem  to  have  been  recognised  prior  to 
1877.  It  is  humiliating  to  find  that  in  a  woik  on  the 
capabilities  and  productions  of  Canada  which  was  got  up 
by  occasion  of  the  “  Colinderies,”  and  intended  for 
gratuitous  distribution  in  the  Dominion  section,  no  mention 
was  made  of  asbestos. 

Asbestos,  we  are  reminded,  is  not  the  name  of  any  one 
particular  mineral  species,  but  is  a  generic  term  common 
to  several  minerals.  They  are  all  silicates  of  lime, 
magnesia,  or  alumina,  varying  much  in  density  and  colour, 
and  most  of  them  being  flexible  and  elastic.  Asbestos 
proper,  which  unfortunately  does  not  occur  in  Canada,  is  a 
fibrous  variety  of  hornblende.  The  Canadian  mineral 
is  a  fibrous  serpentine  containing  12 — 14  per  cent,  of 
water. 

Mountain  wood,  mountain  cork,  mountain  leather,  and 
mountain  paper  are  sub-varieties  in  which  the  fibres 
instead  of  running  parallel  are  matted  and  interlaced. 


Region  of  Tacuaremho. 

Various  forms  of  asbestos  occur  in  Australia  and  South 
Africa.  The  deposits  in  the  United  States  are  not  of  a 
quality  and  quantity  to  admit  of  successful  working. 

The  author  is  of  opinion  that,  though  the  chief  supply  of 
this  mineral  is  from  Italy  and  Canada,  yet  these  countries 
will  find  Africa  in  the  near  future  a  formidable  competitor. 

The  Italian  mineral  contains  more  magnesia  and  water 
than  the  Canadian  and  less  alumina.  It  is  less  easy  to 
work,  and  the  produd  is  less  uniform. 

It  appears  that  the  trick  of  “  salting  ”  mineral  grounds 
intended  for  sale  is  not  peculiar  to  the  far  side  of  the 
Atlantic.  The  Italian  mine-owners  drive  fine  asbestos 
fibre  into  the  crevices  of  rocks,  and  give  it,  as  far  as  pos¬ 
sible,  the  appearance  of  the  genuine  formation. 

Mr.  Boyd,  an  authority  here  quoted,  says  that  in  Italy, 
“  if  asbestos  is  found  on  the  surface  of  a  rock  exposed  to 
the  south  or  south-west,  the  produd  is  generally  fairly 
abundant,  and  of  good  quality. 

If  exposed  to  the  east  there  is  fine  quality,  but  very 
small  quantity  ;  whilst  if  exposed  to  the  north  the  quantity 
is  plentiful,  but  dry  and  hard,  and  on  entering  the  rock 
all  traces  of  it  are  lost. 

The  Canadian  asbestos,  or  chrysotile,  has  a  very  different 
charader  from  the  Italian.  On  its  first  appearance  in  the 
market  it  was  met  with  contempt.  Now,  however,  it  is 
proved  that  mining  for  asbestos  in  Canada,  if  properly 
conducted,  shows  a  more  steady  return  for  the  money 
invested,  with  less  elements  of  risk,  than  mining  for  any 
other  material.”  The  great  difficulty  to  be  encountered 
in  working  a  mine  is  drink  !  and  that  especially  in  parts 
where  the  sale  of  spirits  is  interdided.  The  liquors  sold 
seem  to  equal  in  vileness  the  “cango  ”  manufactured  by 
the  Boers  of  South  Africa.  The  author  has  found  from 
experience  that  a  tumbler  of  hot  tea  flavoured  with  a  slice 
of  lemon  is  not  only  palatable  and  comforting,  but  will 
carry  a  man  twice  as  far  as  any  concodion  of  alcohol.” 

It  would  scarcely  be  just  to  the  author  were  we  to  quote 
his  interesting  suggestions  for  the  utilisation  of  asbestos. 
Suffice  it  to  say  that  he  has  produced  a  most  interesting 
and  valuable  monograph,  which,  we  trust,  will  be  duly 
appreciated. 


Origin  of  the  Auriferous  Region  of  T  acuarembo,  its  Analogy 

and  Concordance  with  Others  (i.e.,  Ore-Regions),  on  the 

American  Continent.  By  Clemente  B.  Posada. 

London  :  The  Consul-General  of  Polina. 

The  author  of  this  work  has  an  annoying  fondness  for 
quotation  marks.  We  find  not  only  names  of  places — 
some  of  them  well  known,  such  as  Potosi,  Minas  Geraes, 
and  Matto  Grosso — thus  enclosed,  but  even  the  names  of 
rocks,  such  as  dolorite,  and  trachyte,  and  basalt,  and 
what  is  yet  more  gratuitous  the  names  of  elementary 
bodies,  such  as  chlorine  and  hydrogen,  and  compounds 
such  as  chlorhjdric  acid  and  silica.  “  Calmium  ”  is  an 
element  with  which  we  have  not  had  the  opportunity  of 
becoming  acquainted.  What,  further,  we  must  ask  is  an 
“  albant  ”  condition  ? 

Of  sulphur  it  is  said  “  How  can  one  otherwise  conceive 
that  sulphur  was  not  to  be  found  among  them  (the 
elements),  which  is  of  so  volatile  a  nature,  when  even 
now-a-days  we  see  it  adhere  tenaciously  to  eledricity, 
which  seems  to  be  its  necessary  attendant  following  in  all 
its  evolutions,  and  even  at  the  moment  when  it  hurls  itself 
upon  the  earth  in  the  form  of  the  lightning’s  flash  or  the 
thunderbolt.” 

Don  Barrial  Posada  apppears — as  far  as  we  can  under¬ 
stand  his  extraordinary  language — to  be  a  believer  in  the 
catastrophic  geology  of  the  past.  He  speaks  of  the 
“  ossaries  of  the  existences  ship-wrecked  in  the  world  in 
which  they  lived,”  of  the  11  arterial  and  veinous  (sic)  system 
of  the  saxeus  igneus  (igneous  rocks)”  “Azote,”  the 
author  pronounces  “  more  abundant,  more  sensitive,  and 
subtil  than  oxygen.”  To  eledricity  he  decidedly  assigns 
a  material,  ponderable  charader,  as  one  of  the  elements. 
He  speaks  of  “  the  vast  ocean  of  igneous  eledrical  liquid, 
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gaseous  and  eleCtro-dynamic  substances.”  Such  utterances 
and  many  more  which  we  might  quote,  even  if  translated 
into  the  Queen’s  English  and  freed  from  typographical 
errors,  form  a  curious  introduction  to  a  work  essentially 
industrial  and  technical,  and  which  seems  intended  to 
convince  European  capitalists  that  there  is  ample  room 
for  them  to  invest  in  the  gold  mines  of  Tacuarembo.  Of 
the  room  we  do  not  doubt,  but  to  pronounce  on  the 
probable  returns  we  must  leave  to  our  financial  contem¬ 
poraries. 

We  will  merely  quote  the  following  statement. 

“The  region  of  New  Granada,  which  comprises  nine 
districts,  and  which  we  may  consider  of  equal  or  even 
more  importance  than  that  of  California,  is  less  so  than 
that  of  Matto  Grosso,  and  this  is  not  richer  than  the 
region  of  Tacuarembo.”  If  either  New  Granada,  or 
Matto  Grosso,  or  Tacuarembo  can  put  out  as  much  mineral 
wealth  as  California,  the  faCt  will  soon  speak  loudly  for 
itself. 


Statistical  Returns  of  the  Commerce,  Navigation,  &c.,  of 
the  Republic  of  Uruguay  for  the  Year  1889.  Issued  by 
Authority  of  the  Consuf-General  of  Uruguay.  London  : 
Dunlop  and  Co, 

This  pamphlet,  though  containing  nothing  which 
can  legitimately  come  under  the  cognisance  of  the 
Chemical  News,  is  rich  in  matter  well  worth  the  notice 
of  commercial  journals  and  commercial  men. 


CORRESPONDENCE. 


THE  FELLOWSHIP  OF  THE  CHEMICAL 
SOCIETY. 


To  the  Editor  of  the  Chemical  News. 

Sir,— The  dilemma  in  which  the  Chemical  Society  is 

now  placed  may  be  briefly  stated  as  follows :  — 

x.  By  continuing  the  status  quo,  unlimited  admission  of 
persons  likely  to  use  the  letters  F.C. S.  as  a  qualification 
for  trade  purposes  cannot  be  effectually  checked. 

2.  By  adopting  any  severe  scrutiny  of  qualification,  such 
as  has  been  proposed,  in  order  to  prevent  the  evils  above- 
mentioned,  two  worse  misfortunes  would  accrue. 

(a)  All  those  at  present  registered  as  Fellows  would 
have  their  position  as  chemists  legitimatised  and  their 
competence  certified — a  result  scarcely  desirable. 

(b)  The  original  object  for  which  the  Chemical  Society 
was  founded,  namely,  to  provide  what  is  in  effeCt  an  in¬ 
tellectual  club  for  the  advancement  of  chemistry,  would 
be  wholly  frustrated,  and  a  severe  injustice  done  to  many 
in  all  ways  worthy  of  admission. 

It  appears  to  us  that  there  is  but  one  way  of  escape, 
viz.,  that  the  present  method  of  election  be  retained,  but 
that  the  Society  take  immediate  steps  to  make  it  publicly 
known  that  Fellowship  in  it  confers  no  professional  status 
upon  the  holder  thereof. — We  are,  &c., 

A.  G.  Bloxam. 
Beriram  Blount. 


THE  FELLOWSHIP  OF  THE  CHEMICAL 
SOCIETY. 

To  the  Editor  of  the  Chemical  News. 

Sir, — In  the  Chemical  News,  vol.  lxii.,  p.  247,  Messrs. 
Lloyd  and  Teed  appear  again,  this  time  to  return  thanks 
for  the  “  hundreds  ”  of  replies  to  their  recent  circular. 

There  is,  however,  a  somewhat  naif  admission  that  the 
“hundreds”  are  not  quite  satisfying  contained  in  their 
last  lines  ;  a  sort  of  extra  thankfulness  for  small  mercies 
to  come  in  the  shape  of  a  hope  for  a  reply  from  “  any 
Fellow  ”  who  may  have  delayed  signing  the  circular. 


Just  so ;  the  party  “  on  the  fence  ”  is  always  a  desirable 
addition  at  election  times,  and  the  approved  method  of 
securing  him  is  to  produce  to  him  convincing  evidence 
that  the  majority  has  alighted  on  your  side.  Can  Messrs. 
Lloyd  and  Teed’s  inability  to  answer  the  “  hundreds  ” 
have  arisen  from  a  feeling  of  this  sort  ?  Meanwhile  some 
of  us  would  feel  greatly  obliged  if  the  authors  of  the  docu¬ 
ment  would  answer  the  following  little  query,  viz. : — 
How  many  of  the  “  hundreds  ”  who  answered  the  circular 
did  so  under  the  idea  (fostered  by  its  remarkable  resem¬ 
blance  in  type  and  paper  to  official  Chemical  Society 
notices),  that  it  was  a  communication  from  the  secretaries, 
and  accordingly  returned  the  circular  to  them  at  Burling¬ 
ton  House.— I  am,  &c., 

R.  J.  Friswell. 


THE  PREVALENCE  OF  COPPER  IN  CEREALS. 

To  the  Editor  of  the  Chemical  News. 

Sir,— Mr.  Johnstone’s  remarks  in  the  Chemical  News 
(vol.  lxii.,  p.  247),  reminds  me  of  a  similar  experience  I 
had  in  the  year  1878.  I  had  prepared  two  tons  of  malt 
syrup  with  great  care.  Dr.  Attfield  stated  it  contained 
the  largest  proportion  of  diastase  of  any  he  had  examined 
up  to  that  date,  but  unfortunately  it  contained  copper  also. 
At  first  I  attributed  the  contamination  to  the  copper  of 
the  vacuum  pan,  but  as  this  had  been  in  constant  use  in 
the  manufacture  of  sugar,  in  which  no  copper  was  found, 
I  had  to  seek  elsewhere.  It  was  finally  traced  to  the 
malt,  which  was  of  the  finest  quality  I  could  obtain. 

Being  desirous  of  testing  the  soil  on  which  the  barley 
was  grown  I  applied  to  the  Mark  Lane  broker,  from  whom 
I  purchased  the  malt,  but  nothing  would  induce  him  to 
give  me  any  information  on  the  subjeCt.  I  stopped  the 
manufacture  and  used  up  the  syrup  in  feeding  my  pigs, 
who,  notwithstanding  the  presence  of  copper  to  consider¬ 
able  extent,  thrived  on  it  over  a  period  of  above  twelve 
months. — I  am,  &c., 

Edward  Beanes. 

Moatlands,  Paddock  Wood, 

Kent,  Nov.  17th,  1890. 


CHEMICAL  NOTICES  FROM  FOREIGN 
SOURCES. 

Note. _ All  degrees  of  temperature  are  Centigrade  unless  otherwise 

expressed. 

Comptes  Rendus  Hebdomadaires  des  Seances,  de  I’Academie 
des  Sciences.  Vol.  cxi.,  No.  17,  October  27,  1890. 

Electrolysis  of  Aluminium  Fluoride  by  Igneous 
Fusion.— Adolphe  Minet.— The  author  has  shown  in 
previous  papers  ( Comptes  Rendus,  February  17th,  and 
June  9th,  1889)  that  he  has  produced  aluminium  by  the 
electrolysis  of  its  fluoride  in  a  state  of  fusion.  .  He  now 
gives  the  composition  of  the  electrolytic  bath  which  yields 
the  best  results  at  given  temperatures,  and  at  a  given 
density  of  current  at  the  electrodes.  The  bath  is  formed 
of  a  mixture  of  sodium  chloride  and  double  aluminium 
sodium  fluoride,  corresponding  to  the  chemical  formula 
(expressed  in  equivalents)  6NaCl  +  A12F3,3N2F. .  The 
melting-point  was  675°;  the  point  of  the  emission  of 
vapours  1035°;  specific  gravity  at  820°,  1*76;  coefficient 
of  expansion  in  the  melted  state  5  X  10-4;  eleClric  con¬ 
ductivity  at  870°  3'i. 

On  the  Amylamines. — A.  Berg.— This  paper  does  not 
admit  of  useful  abstraction. 


Revue  Generate  des  Sciences  Pares  et  Appliques. 

Vol.  i.,  No.  20,  October  30,  1890. 

Fire-Damp  and  its  Accidents. — H.  Le  Chatelier.— In 
a  general  survey  of  the  question  of  coal  mine  explosions, 
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the  author  lays  little  weight  upon  coal  dust  in  the  absence 
of  explosive  gases.  Possibly  he  overlooks  the  serious 
calamities  produced  in  flour-mills  by  the  dust  of  flour — a 
much  less  combustible  substance — in  the  total  absence  of 
gaseous  hydrocarbons.  His  chief  reliance  is  laid  on 
ventilation. 

In  an  Annual  Review  of  Physiology,  by  Prof.  Leon 
Fredericq,  the  author  mentions  the  fadt  that  peptone,  the 
normal  produdt  of  the  digestion  of  the  albumenoid 
matters,  is  a  true  poison,  which  fails  to  prove  fatal  merely 
because  it  is  progressively  re-converted  into  albumenoids. 

Another  curious  fad  is  that,  according  to  Hermann,  the 
excreta  do  not  consist  chiefly  of  the  undigested  portions 
of  the  food,  but  of  the  produds  of  the  secretion  and  the 
desquamation  of  the  intestine. 

In  a  review  of  Prof.  A.  Marshall’s  “  Principles  of 
Economics  ”  we  find  the  following  laudable  deliverance  : — 
“  The  mania  for  elementary  works,  the  produdion  of  the 
ignorant,  who  apologise  for  insufficiency  of  their  works  by 
the  plea  of  being  intelligible  to  the  young,  has  inundated 
our  book  stores  with  ridiculous  works.  The  ‘  manual,’ 
the  elementary  book,  is,  in  certain  departments,  the 
wound  of  instrudion. 

A  New  Gas,  Azothydric  Acid. — Prof.  Curtius,  of 
Kiel,  has  obtained  a  compound,  N3H,  for  which  he  pro¬ 
poses  the  constitutional  formula — 


It  is  very  soluble  in  water,  and  the  solution  dissolves 
zinc,  copper,  and  iron,  with  evolution  of  hydrogen  and  the 
formation  of  nitrides,  in  which  the  metals  are  substituted 
for  the  hydrogen  set  free. 


MISCELLANEOUS. 

The  Determination  of  Fat  in  Milk. — The  Dairy 
Association  of  Kiel  offers  a  prize  of  ,£150  (3000  marks), 
for  an  improved  method  for  determining  the  fatty  matter 
in  new  milk,  skimmed  milk,  and  butter  milk,  without  the 
use  of  a  chemical  balance  as  accurately  as  by  the  gravi¬ 
metric  process.  It  must  be  free  from  danger,  cheap,  and 
so  simple  in  execution  as  to  allow  of  comparative  deter¬ 
minations  of  the  fat  in  the  milk  of  individual  cows  ;  and 
it  must  be  distindly  preferable  to  all  the  methods  now  in 
use.  Applications  marked  with  a  motto  and  accompanied 
with  a  sealed  envelope  containing  the  name  and  add; ess 
of  the  sender,  and  with  the  apparatus  required,  may  be 
addressed  to  Herr  C.  Boysen,  Kiel,  up  to  Odder  1st, 
1891. 

The  Sale  of  Poisons. — From  a  circular  sent  out  under 
the  auspices  of  the  British  Medical  Association,  it  appears 
that  certain  physicians  and  surgeons  are  dissatisfied  with 
the  existing  state  of  the  law  on  the  sale  of  poisons.  The 
first  point  urged  in  objection  to  the  present  law  is  that 
“  the  present  poison  schedule  includes  only  a  limited 
number  of  substances,  many  well-known  and  powerful 
poisons,  notably  the  mineral  acids.”  We  submit  that 
any  restriction  upon  the  sale  of  the  mineral  acids, 
the  most  commonly  used  of  all  reagents,  could  not 
fail  to  aCt  as  a  check  upon  chemical  research.  Against 
any  such  interference  we  protest  most  earnestly, 
and  trust  that  our  protest  will  be  followed  by  that  of  our 
scientific  contemporaries,  and  by  that  of  the  Fellows  of 
the  Chemical  Society  and  of  the  Institute  of  Chemistry. 
It  would  be  indeed  deplorable  if  chemistry  in  Britain 
should  be  fettered  and  humiliated  in  a  manner  similar  to 
that  which  has  befallen  physiology.  The  fatal  accidents 
from  poisoning  in  this  country  are  not  so  numerous  as  to 
furnish  any  raison  d'etre  for  a  new  agitation,  whilst  at  the 
same  time  no  more  stringent  regulations  are  asked  for 


concerning  the  common  sale  of  revolvers,  which  have  far 
fewer  legitimate  uses  than  poisons,  which  occasion  far  more 
mischief,  and  which  now  readily  find  their  way  into  the 
hands  of  burglars,  madmen,  conspirators,  and  heedless 
boys.  We  should  be  strongly  in  favour  of  the  proposal  to 
restrid  the  sale  of  poisons,  quack  medicines,  and  indeed 
of  all  “  patent  ”  or  proprietary  nostrums,  to  the  pharmacist. 
At  present  they  are  sold  chiefly  by  grocers,  oilmen,  and 
even  by  house-furnishers  and  “general  providers.” 


MEETINGS  FOR  THE  WEEK. 

Monday,  24th. — Medical,  8.30 

-  Society  of  Arts,  8.  (Cantor  Lectures).  “  Gaseous 

Illuminants,”  by  Prof.  Vivian  B.  Lewes. 

Tuesday,  25th.- — Royal  Medical  and  Chirurgical,  8.30. 

-  Institute  of  Civil  Engineers,  8. 

Wednesday,  26th. — Geological,  8. 

— —  Society  of  Arts,  8.  “  Physical  Tests  in  Competi¬ 

tive  Examinations,”  by  Francis  Galton 
F.R.S. 

Thursday,  27th. — Royal,  4.30. 

-  Institute  of  Electrical  Engineers,  8. 

Friday,  28th.— Physical,  5.  “  Notes  on  Secondary  Batteries,”  by 
Dr.  Gladstone  and  Mr.  W.  Hibbert.  An  Illustra¬ 
tion  of  Ewing’s  Theory  of  Induced  Magnetism,” 
by  Prof.  S.  P.  Thompson. 


TO  CORRESPONDENTS. 


Inquisitive. — We  regret  we  are  unable  to  say  where  the  mineral 
can  be  procured. 


PATENTS. 

Provisional  Protection,  from  £2  2s* 

Lowest  cost  of  complete  English  and  Foreign  on  application. 
Also,  Designs  and  Trade  Marks.  Inventions  financed. 

WALLACE,  WEATHERDON,  &  CO. 

Registered  Patent  Agents, 

57  &  58,  Chancery  Lane,  and  11,  Southampton  Buildings,  W.C. 
Established  1849. 


(CHEMICAL  NOTES.  By  Dr.  Hodgkinson. 

Adapted  for  the  Use  of  Students  attending  Lectures  in 
Science  Schools,  &c. 

1.  NOTES  ON  CHEMISTRY.  — These  Notes  describe  the 
Non-Metallic  Elements  and  their  Chief  Compounds  and 
Reactions,  and  give  a  Short  Outline  of  the  Principal 
Theories.  Price,  Two  Shillings. 

II.  EXERCISES  IN  PRACTICAL  CHEMISTRY.— Qualita¬ 
tive  Analysis.  Price,  Two  Shillings. 

III.  METALS. — An  Outline  of  the  Metallurgical  Processes. 
Price,  Two  Shillings. 


London:  GEORGE  KENNING,  16,  Great  Queen  Street,  W.C. 

WILLIAM  F.  CLAY, 

CHEMICAL  AND  TECHNICAL  BOOKSELLER, 

Teviot  Place,  Edinburgh. 

SPECIALITIES. 

SECOND-HAND  CHEMICAL  LITERATURE  (English  and  Foreign). 
The  most  extensive  Stock  in  Great  Britain,  including  New  Publications 
Journals  of  all  the  English  and  Foreign  Chemical  Societies. 
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NOTE  ON  PRIESTLEY’S  METHOD  OF 
MEASURING  OXYGEN  IN  AIR. 

By  J.  ALFRED  WANKLYN. 

Priestley’s  method  of  measuring  the  oxygen  in  the  air  is 
certainly  the  quickest,  and  is  easy  of  execution,  and  is 
accurate  when  properly  carried  cut ;  indeed  there  are 
possibilities  of  accuracy  in  this  method  which  promise 
to  place  it  in  that  respedt  before  every  other.  It  is  the 
oldest,  or  at  any  rate  one  of  the  oldest,  methods  of 
measuring  oxygen,  dating  almost  as  far  back  as  the 
discovery  of  oxygen  itself. 

I  have  an  old  book  open  before  me,  date  of  publication 
1806.  Turning  to  the  article  “  Eudiometer,”  I  read — 

“  The  eudiometers  proposed  by  different  chemists  may 
be  reduced  to  five. 

“  1.  The  first  eudiometer  was  made  in  consequence  of 
Dr.  Priestley’s  discovery  that  when  nitrous  gas  is  mixed 
with  air  over  water,  the  bulk  of  the  mixture  diminishes 
rapidly  in  consequence  of  the  combination  of  the  gas  with 
the  oxygen  of  the  air  and  the  absorption  of  the  nitric  acid 
thus  formed  by  the  water.”  ...”  Dr.  Priestley’s  method 
was  to  mix  together  equal  bulks  of  air  and  nitrous  gas  in 
a  low  jar,  and  then  to  transfer  the  mixture  into  a  graduated 
glass  tube  about  three  feet  long  in  order  to  measure  the 
diminution  of  bulk.”  The  article  goes  on  to  refer  to  the 
work  of  Falconer,  of  Bath,  Fontana,  Cavendish,  and 
Humboldt,  and  then  concludes,  “  But  after  all  the  exer¬ 
tions  of  these  philosophers,  the  method  of  analysing  air 
by  means  of  nitrous  gas  is  liable  to  so  many  anomalies 
that  it  cannot  be  depended  upon.” 

Further  on  we  learn  that  ”  the  result  of  the  numerous 
experiments  which  have  been  made  with  nitrous  gas  is 
that  the  proportion  of  oxygen  in  atmospheric  air  varies 
in  different  places  and  at  different  times.”  And  the 
maximum  percentage  of  oxygen  in  air  is  given  at  30  per 
cent,  the  xninimum  at  22  per  cent. 

”  2.  The  second  kind  of  eudiometer  was  proposed  by 
Volta,”  and  the  account  goes  on  to  state  that  this  is 
explosion  of  air  mixed  with  hydrogen  gas,  and  Volta’s 
method  is  condemned  even  more  emphatically  than 
Priestley’s. 

Three  other  methods  of  measuring  the  oxygen  in  air 
are  then  described  and  approved  of.  Such  was  the  state 
of  the  chemist’s  knowledge  in  1806 — thirty  years  aft^r 
the  discovery  of  oxygen.  Since  that  date,  Volta’s  method 
by  explosion  with  hydrogen  gas  has  risen  into  favour,  and 
in  Bunsen’s  classical  work  on  ”  Gasometry,”  published  in 
1857,  occupies  the  post  of  honour.  The  vindication  of 
Priestley’s  method  has  been  long  delayed,  even  until  the 
year  1890.  The  question  suggests  itself  why  did  the 
Priestley  method  fail  in  the  early  day;  ?  The  answer  is 
not  far  to  seek.  This  method  failed  because  the  manipu¬ 
lation  was  wrong.  Water  holds  oxygen  in  solution,  and 
the  circumstances  of  the  old  experiments  were  such  that 
the  oxide  of  nitrogen  employed  in  the  experiments 
expended  itself  paitly  in  combining  with  the  oxygen 
dissolved  by  the  water.  The  mixture  of  equal  bulks  of 
oxide  of  nitrogen  and  air  in  a  low  jar,  and  then  the 
direction  to  transfer  to  a  graduated  tube  about  three  feet 
long,  points  plainly  enough  to  the  employment  of  large 
volumes  of  water.  Operating  in  that  manner  the  operator 
is  bound  to  mistake  the  oxygen  dissolved  by  the  water  for 
the  oxygen  of  the  air,  and  consequently  to  arrive  at  too 
high  a  figure  for  the  oxygen  of  the  air. 

If  the  reader  wiil  now  turn  to  the  description  given  in 
the  air  analysis  recently  published,  he  will  perceive  that 


by  the  employment  of  the  Hempel  apparatus  as  therein 
described,  this  source  of  error  is  avoided.  The  diredtions 
are  to  measure  the  air  in  the  gas-burette,  and  then  to 
pass  it  into  an  absorption-pipette  containing  water.  Then 
the  oxide  of  nitrogen  is  introduced  into  the  gas-burette 
and  measured,  and  then  (without  bubbling  through  water) 
immediately  passed  to  the  air  in  the  absorption-pipette. 
The  nitric  peroxide  fumes  which  result  are  rapidly 
absorbed  by  the  water  in  the  absorption-pipette,  and  the 
gas  is  passed  back  and  measured  in  the  gas-burette.  In 
short,  in  the  Piiestley  process  as  now  carried  out,  there 
is  no  mistaking  oxygen  dissolved  for  oxygen  in  the  air; 
hence  the  success  of  the  method  in  our  hands. 


ON  THE  SPECIFIC  HEATS  OF  GASES  AT 
CONSTANT  VOLUME. 

Part  I. — Air,  Carbon  Dioxide,  and  Hydrogen.* 

By  J.  JOLY,  M.A.,  B.E.,  Assistant  to  the  Professor  01 
Civil  Engineering,  Trinity  College,  Dublin. 

In  this  first  notice  the  specific  heats  at  constant  volumes 
of  air,  carbon  dioxide,  and  hydrogen  are  treated  over 
piessures  ranging  from  seven  to  twenty-five  atmospheres. 
The  range  of  temperature  is  not  sensibly  varied.  It  is 
found  that  the  specific  heats  of  these  gases  are  not  con¬ 
stant,  but  are  variable  with  the  density.  In  the  case  of 
air  the  departure  from  constancy  is  small  and  positive  ; 
that  is,  the  specific  heat  increases  with  increase  of  the 
density.  The  experiments  afford  diredlly  the  mean  value 
0-1721  for  the  specific  heat  of  air  at  the  absolute  density 
of  0-0205,  corresponding  to  the  pre.-sure  of  ig'5i  atmo¬ 
spheres.  A  formula  based  on  the  variation  of  the  specific 
heat  with  density  observed  in  the  experiments  ascribes 
the  value  0-1715  for  the  specific  heat  at  the  pressure  of 
one  atmosphere.  The  formula  assumes  the  specific  heat 
to  be  a  linear  fundtion  of  the  density,  which  must  as  yet 
be  regarded  only  as  an  approximation,  the  exadt  nature 
of  the  relation  being  concealed  by  variations  among  the 
experiments. 

These  results  appear  to  be  in  harmony  with  the  expeii- 
ments  of  Wiedemann  on  the  specific  heat  at  constant 
pressure,  and  of  Rowland  on  the  mechanical  equivalent 
of  heat,  from  which  the  value  0-1712  is  deduced  for  Cy 
at  760  m.m. 

The  experiments  on  carbon  dioxide  reveal  a  more  rapid 
variation  of  the  specific  heat  with  density,  the  variation 
in  this  case  being  again  positive  in  sign.  The  formula — 

Cy  =  pxo'2o64+o-x6577 

appears  with  considerable  reliability  to  txpress  the  rela¬ 
tion  between  specific  heat  and  density. 

The  relation  between  specific  heat  and  density  in  the 
case  of  hydrogen  is  of  a  negative  character;  that  is,  the 
specific  heat  diminishes  with  increase  of  density.  The 
experiments  are  chiefly  diredted  to  elucidate  this  point, 
for,  owing  to  the  difficulty  of  preparing  pure  hydrogen,  it 
was  found  that  variations  in  the  quantitative  results  of 
experiments  on  different  samples  of  the  gas  were  unavoid¬ 
able.  Accordingly  the  experiments  were  diredted  to  a 
comparison  of  the  specific  heats  of  like  samples  of  the 
gas  at  different  densities.  The  variation  with  density  is 
small,  but  (with  one  exception)  all  experiments  on  the 
purer  hydrogen  ascribe  a  negative  charadter  to  it. 

The  nature  of  these  variations  of  specific  heat  with 
change  of  density  is,  in  the  case  of  the  three  gases,  in 
accord  with  their  behaviour  as  regards  Boyle’s  law,  within 
the  limits  of  pressure. 

The  experiments  were  effedted  in  the  steam  calorimeter, 
a  differential  method  being  used  in  which  an  empty  or 
idle  vessel  is  thermally  compared  with  the  vessel  holding 
the  gas  at  high  pressure.  The  vessels  possessing  ap- 


*  Abstract  of  a  I’aper  read  before  the  Rojal  Sociey,  Nov.  20,  1890. 
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proximately  the  same  calorific  capacity,  the  result,  theo¬ 
retically,  is  as  if  the  gas  was  dealt  with  isolated  trom  any 
containing  vessel.  Although  practically  this  is  not  attained 
many  sources  of  error  are  eliminated  by  the  procedure  1 
adopted. 


ACTION  OF  NATURAL  ORGANIC  COMPOUNDS 
ON  IRON  PLATES. 

By  Dr.  T.  L.  PHIPSON,  F.C.S  ,  &c. 

Some  little  time  ago  M.  L.  Vignon  called  attention  to  the 
action  of  tannin  upon  iron  plates  when  this  substance  is 
used  as  an  anti-incrustator  in  boilers.  He  expressed  the 
opinion  that  it  was  injurious  to  boilers  on  account  of  its 
corrosive  adtion.  Latterly  this  opinion  has  been  attacked 
by  Mr.  L.  Manstetten,  who  has  made  some  experiments 
on  a  Miiall  scale,  and  concludes  that  the  adlion  is  not  of 
much  consequence,  as  the  quantity  of  iron  taken  up  from 
iron  vessels  used  in  the  extradition  of  tannin  materials  is 
very  small,  &c. 

I  am  of  opinion  that  M.  L.  Vignon  is  right,  and  that  the 
use  of  glucosides  as  anti-incrustators  may  be  fraught  with 
much  danger  to  the  iron  plates  of  a  boiler.  I  may  refer  to 
the  corrosive  adtion  of  the  leaves  and  stalks  of  the  Virginia 
creeper  upon  iron  netting,  when  they  are  battered  b>  tne 
wind  and  rain  against  the  metallic  surtace.  It  is  surpris¬ 
ing  in  how  short  a  time  the  netting  is  utterly  desiroyed. 
I  alluded  to  the  subjedt  in  a  note  published  in  the 
Chemical  News  a  few  years  ago.  It  is  true  that  the 
juice  of  that  plant  is  veiy  acid,  but  perhaps,  not  much 
more  so  than  many  decodlions  of  tannin  materials,  and  I 
think  the  greatest  caution  should  be  used  in  applying 
vegetable  extradts^of  any  kind  as  anti-incrustators  tor  iron 
boilers  on  account  of  their  evident  tendency  to  develop 
acids,  and  to  corrode  the  plates. 


THE  SYNTHESIS  OF  UREA. 

By  F.  E.  MATTHEWS. 

Although  the  credit  for  the  first  synthesis  of  an  organic 
substance  from  inorganic  material  must  be  givtn  to 
Wohler  on  account  of  his  synthesis  of  urea,  in  1828,  yet 
it  is  an  interesting  fact  which  appears  to  have  escaped 
notice,  that  this  substance  was  produced  by  John 
Davy  as  early  as  1S11  or  1812  from  purely  inorganic 
substances. 

Unfortunately  Davy  did  not  sufficiently  investigate  the 
produdt  he  obtained,  which  was  a  mixture  of  ammonium 
chloride  and  urea,  or  the  study  of  organic  synthesis  would 
have  been  accelerated  by  a  period  of  16  years. 

In  the  Philosophical  Transactions  for  1812  the  following 
paper  appears  : — “  On  a  Gaseous  Compound  of  Carbonic 
Oxide  and  Chlorine.  By  John  Davy.  Communicated  by 
Sir  Humphry  Davy,  Knt.,  LL.D.,  Sec.  R.S.  Read 
February  6,  1S12.” 

The  quotations  here  given  are  taken  from  the  Abstracts 
of  the  Philosophical  Transactions,  and  the  account  does 
not  differ  materially  from  that  in  the  original  paper. 

“Although  it  has  been  asserted  by  Messrs.  Gay-Lussac 
and  Thenard,  and  also  by  Mr.  Murray,  that  carbonic  acid 
(this  is  a  misprint  for  carbonic  oxide,  which  occurs  in  the 
original)  and  chlorine  have  no  adtion  upon  each  other,  Mr. 
J.  Davy  has  observed  the  contrary  to  be  the  case.  A 
mixture  of  equal  parts  of  these  gases,  previously  dried 
over  mercury,  being  exposed  to  bright  sunshine  for  about  one 
quarter  of  an  hour,  lost  all  colour  of  the  chloric  gas,  and 
were  found  condensed  into  half  their  former  volume.  The 
smell  of  the  gas  was  more  suffocating  than  that  of  chlorine. 
It  occasioned  a  very  painful  sensation  in  the  eyes  ;  it 
reddened  litmus-paper;  it  combined  with  ammonia,  forming 
a  salt  perfedly  neutral  and  dry,  but  deliquescent,  by 


attracting  moisture  from  the  atmosphere.  This  salt  was 
decomposed  by  sulphuric,  nitric,  and  phosphoric  acids, 
and  also  by  liquid  muriatic  acid  ;  but  sublimed  unaltered 
in  carbonic,  sulphurous,  and  muriatic  acid  gases. 

*•  In  those  instances  where  the  saltwas  decomposed,  the 
products  were  carbonic  and  muriatic  acid  gases.  It  is 
remarkable,  that  in  the  formation  of  this  ammoniacal  salt 
the  new  gas  combines  with  as  much  as  four  times  its  bulk 
of  ammoniacal  gas.” 

The  last  paragraph  quoted  contains  sufficient  detail  to 
show  that  Davy  must  have  synthesised  urea,  the  equation 
for  its  formation  being — 

COCla  +  4NH3  =  CO(NHa)a  +  2NH4Cl. 

In  Roscoe  and  Schorlemmer’s  treatise  (New  Edition, 
vol.  i.,  p.  647)  the  references  given  for  the  synthesis  of 
urea  by  the  adtion  of  ammonia  upon  carbonyl  chloride  are 
Nathanson,  Ann.  Client.  Pharm.,  xcviii.,  287;  Neubauer, 
Ibid,  ci.,  342. 

Royal  Indian  Engineering  College, 

Cooper’s  Hill ,  Staines. 


NOTES  ON  SOME  HOT  SPRING  WATERS.* 

By  A.  LIVERSIDGE,  M.A.,  F.R.S.,  Professor  of  Chemistry, 
University  of  Sydney. 


(n).  Note  upon  the  Hot  Spring  Waters,  Ferguson  Island, 
D'Entrecasteaux  Group. 

The  specimens  forming  the  subjedt  of  this  note  were  col¬ 
lected  by  Sir  W.  Macgregor,  K.C.M.G.,  Governor  of 
British  New  Guinea,  who  thought  that  these  waters 
might  prove  to  be  of  scientific  interest,  and  therefore  for¬ 
warded  them  to  me  for  examination. 

Accompanying  the  specimens  was  the  following  descrip¬ 
tion  of  the  hot  springs,  prepared  by  Mr.  Basil  Thomson, 
together  with  two  photographs  of  the  locality: — - 

|  “  The  evidence  of  volcanic  action  on  the  east  end  of 

Ferguson  and  Gouivain  Islands  in  the  D’Entrecasteaux 
Group  were  plainly  visible  from  the  sea,  but  a  few  miles  to 
the  westward  gave  place  to  a  schistose  slaty  formation,  of 
which  the  island  s-ems  mainly  composed.  It  was  there¬ 
fore  with  no  little  surprise  that,  on  the  evening  of  our 
anchoring  in  Seymour  Bay,  we  noticed  a  strong  smell  of 
sulphur,  the  fumes  being  sufficient  to  discolour  the  white 
paint  on  the  vessel  during  the  night.  Seymour  Bay  lies 
in  the  narrow  straight  named  by  Captain  Moresby  after 
himself,  and  is  fringed  with  mangrove  and  dense  scrub 
and  backed  by  low  hills. 

After  forcing  our  way  through  mangrove  and  sago 
swamps  for  about  half  a  mile,  we  came  on  a  well- beaten 
native  path,  which  led  to  a  rapid  stream.  Some  of  the 
party  who  stopped  to  prospect  for  gold,  found  the  gravel 
in  the  bed  of  the  stream  too  hot  for  the  hands,  although 
the  water  of  the  stieam  was  cold. 

Making  our  way  southward,  we  emerged  from  dense 
scrub  upon  a  flat,  bare  of  vegetation,  and  dotted  with 
little  hillocks  of  pure  sulphur,  from  which  vapour  was 
rising. 

The  vegetation  surrounding  this  flat  was  identical  with 
that  in  the  non  -  volcanic  country,  and  terminated 
suddenly,  but  on  the  flat  itself  a  few  eucalypts  were  trying 
to  exist.  This  is  the  most  easterly  point  at  which  this 
tree  u'as  found  in  British  New  Guinea. 

Passing  over  this  flat,  which  gave  a  hollow  sound  to 
the  feet,  showing  that  the  crust  was  very  thin,  we  climbed 
a  low  hill,  and  looked  down  upon  a  small  lake  shut  in  by 
hills,  having  a  margin  of  dazzling  whiteness,  made  by 
the  crystallisation  of  salts,  which  tasted  strongly  of  alum. 
At  the  foot  o'  the  hill  was  a  spring  of  boiling  water,  which 
discharged  into  the  lagoon. 


*  From  the  Transactions  of  the  Australasian  Association  for  the 
Advancement  of  Science,  Melbourne  Meeting,  1890,  Seftion  B. 
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The  low  hills  surrounding  the  lake  were  composed  of  1 
sulphur  and  the  white  salt  referred  to  above.  The  water  j 
of  the  lake,  which  was  covered  with  wild  fowl,  was  of  a 
light  yellow  colour,  and  tepid,  and  the  margin  was  sur¬ 
rounded  by  a  thin  crust,  which  gave  way  when  trodden 
on,  and  let  one  of  our  party  through  into  three  feet  of 
black  slime. 

All  round  the  base  of  the  hills  was  a  succession  of  holes 
full  of  boiling  mud.  Near  the  summit  of  one  of  the  low 
hills  we  found  a  larger  hole,  which  was  throwing  up 
liquid  mud  to  the  height  of  several  feet  with  loud  reports. 
(Photograph  enclosed). 

Further  to  the  northward  we  found  a  similar  lake  and 
hot  springs,  and  some  of  our  party,  who  were  obliged  by 
the  hostility  of  the  natives  to  pass  the  night  on  the  top 
of  one  of  the  sulphur  hills,  experienced  much  incon¬ 
venience  from  the  fumes.  At  night  the  hills  give  out  a 
bluish  light. 

(Signed)  B.  H.  Thomson.” 

Sydney,  8th  March,  1889. 

None  of  the  specimens  were  in  sufficient  quantity  to 
permit  of  a  full  analysis  being  made  of  their  mineral  con¬ 
stituents,  the  largest  samples  being  contained  in  a  so- 
called  quart  brandy  bottle. 

The  only  quantitative  determinations  which  could  be 
conveniently  made  were  the  total  solids,  fixed  solids,  loss 
on  ignition,  and  chlorine  and  sulphuric  acid. 

The  loss  on  ignition  includes  any  organic  matter  which 
may  have  been  present,  water  of  combination,  volatile  and 
decomposable  salts,  together  with  some  sulphur. 

There  were  four  samples  in  all. 

Sample  No.  1.  —  Labelled  “  Seymouv  Bay,  Ferguson 
Island,  11  th  November,  188S.  Boiling  Water  from 
Hot  Spring." 

This  sample  was  contained  in  a  soda-water  bottle,  and 
as  one-half  of  it  consisted  of  solid  matter,  it  would  be 
more  correbtly  described  as  a  mud. 

The  sediment,  or  solid  matter,  was  of  a  bluish  grey 
colour,  and  was  found  to  contain  a  few  diatom  frustules 
and  small  crystals  of  selenite  (calcium  sulphate),  and  a 
good  deal  of  sulphur.  At  some  future  time  n  is  intended 
to  make  a  more  complete  examination  of  this  sediment, 
as  there  is  sufficient  for  a  quantitative  analysis. 

The  sulphur  was  carefully  tested  for  selenium,  but  none 
was  found  to  be  present;  neither  did  this  residue  contain 
either  arsenic  or  phosphorus. 

The  supernatant  liquid  was  filtered  off  from  the  mud 
after  allowing  the  specimen  to  stand  for  two  or  three 
days  •  the  filtrate  had  a  strong  smell  of  sulphurous  acid, 
and  strongly  reddened  blue  litmus-paper,  showing  the 
presence  of  Iree  acid,  and,  on  exposure  t-o  the  air,  soon 
became  milky  from  the  separation  of  sulphur. 

On  evaporating  the  filtrate  down  to  dryness  in  a 
platinum  dish  over  a  water-bath,  a  pale  brownish  residue 
was  left,  which  rapidly  absorbed  moisture.  On  ignition 
it  intumesced  strongly,  and  gave  off  dense  white  acid, 
fumes  (of  sulphur  trioxide),  the  ignited  residue  being 
yellow  when  hot  and  brown  when  cold. 

The  weighings  gave— 

Loss  on  ignition  .  ..  9^3  parts  per  1000 

Fixed  solids .  4'47  >>  >> 

Total  solids . 1410  ,,  ,, 

The  chlorine  and  sulphuric  acid  were  not  determined  i  n 
this  sample.  The  fixed  solids  left  on  ignition  were  fou  nd 
to  contain  both  soluble  and  insoluble  silica  sufficient  of 
the  former  to  gelatinise  with  hydrochloric  acid  much 
iron,  mainly  present  in  the  original  water  in  the  ferious 
condition,  some  magnesia,  lime,  and  a  considerable 
quantity  of  sodium  chloride.  ...  r .  , 

Lithium  was  sought  for,  but  no  indication  of  it  was  ob¬ 
tained,  although  the  other  three  samples  gave  the  lithium 
band  most  readily. 


Sample  No.  2. — Labelled  “  Hot  Springs,  Seymour  Bay, 
11  th  November ,  1888.  Water  after  Boiling Con¬ 
tained  in  an  ordinary  pickle  bottle. 

This  also  showed  a  large  amount  of  a  powdery  yellow 
sediment,  about  10  per  cent  perhaps,  which  consisted 
mainly  of  free  sulphur. 

The  water  contained  a  good  deal  of  free  sulphuric  acid, 
and  on  evaporating  down  to  dryness  over  a  water-bath, 
the  residue  blackened  from  the  adtion  of  the  free  sulphuric 
acid  upon  the  organic  matter  present,  and  on  ignition 
copious  fumes  of  sulphur  trioxide  were  evolved.  Much 
gelatinous  silica  was  left,  together  with  iron,  lime, 
magnesia,  and  soda.  This  residue  showed  a  well-marked 
lithium  band. 

The  iron  was  present  in  the  original  water  mainly  in 
the  ferrous  state. 


Loss  on  ignition 
Fixed  solids 
Total  solids 
Chlorine 


1-274  parts  per  1000 
3630  ,,  ,, 

4'9°4  h  >> 

1-240  ,,  „ 


Sample  No.  3. — Labelled  “ Seymour  Bay,  nth 
November,  1888.  Boiling  Water  from  Small  Spring .” 
Contained  in  a  soda-water  bottle. 

This,  like  No.  2,  contained  a  yellow  powdery  sediment 
of  sulphur  and  other  matters.  It  possessed  a  strong  acid 
reaction,  and  gave  off  a  smell  of  sulphurous  acid,  together 
with  that  of  sulphuretted  hydrogen. 

On  evaporating  down  to  dryness,  a  light  coloured  residue 
was  left,  brown  in  the  centre,  and  on  ignition  this 
blackened  considerably,  but  only  gave  off  a  small  quantity 
of  sulphur  trioxide  fumes.  The  salts  present  were  the 
same  as  in  No.  2,  and  the  lithium  band  was  equally  well 
marked. 

Loss  on  ignition  , .  0-630  parts  per  1000 

Fixed  solids  ..  ..  2-470  ,,  ,,  ,, 

Total  solids  ..  ..  3-100  ,,  ,,  ,, 

Chlorine  . 0-730  ,,  >»  >> 


Sample  No.  4.— Labelled  “  Seymour  Bay,  nth 
November,  1888.  Water  from  Lagoon,  Hot  Springs, 
Saline  Lake,  margin  surrounded  by  sulphur."  Con¬ 
tained  in  a  wine  bottle. 

The  sediment  from  this  was  but  small  in  amount,  and 
of  a  dark  brown  colour.  There  was  also  a  little  black 
flocculent  matter.  The  water  possessed  a  strong  acid 
reaction,  and  smelt  of  sulphuretted  hydrogen. 

On  evaporating  down  to  dryness,  a  large  quantity  of 
iron  was  found  to  be  present,  mostly  in  the  ferrous  con¬ 
dition,  much  gelatinous  silica,  some  lime,  magnesia,  and 
soda,  together  with  lithium. 

On  ignition,  the  residue  became  intensely  black,  gave 
off  slight  fumes  with  an  acid  reaction  and  decrepitated 
(from  sodium  chloride  crystals),  and  left  a  dark  ferruginous- 
looking  residue. 


Loss  on  ignition 
Fixed  solids 
Total  solids 
Chlorine 


2*110  parts  per  1000 
5*47°  )>  >>  <> 

7'5So  ,,  ,,  ?i 

*’39*-*  i>  >>  >> 


These  waters  present  the  usual  characters  of  hot  spring 
waters  occurring  under  similar  conditions,  and  require  no 
special  comment  except  as  to  the  presence  of  lithium,  and 
I  regret  that  none  of  the  samples  were  sufficient  to  allow 
the  amount  of  this  element  to  be  estimated  ;  but,  perhaps, 
on  some  future  occasion  it  may  be  possible  to  bring  away 
a  larger  supply  of  the  water,  or  in  default  of  that,  the 
residue  left  by  the  careful  evaporation  (on  the  spot)  of  a 
fair  quantity  of  the  water. 

i  Lithium  was  formerly  regarded  as  a  very  rare  element, 
but  the  spectroscope  shows  that,  although  it  only  occurs 
in  small  quantities,  it  is  one  of  the  most  widely  distributed 
elements,  and  is  found  in  many  minerals,  rocks,  soils,  and 
!  in  the  ashes  of  numerous  plants. 
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Notes  on  Some  Hot  Spring  Waters. 


It  may  prove  to  be  present  in  these  waters  in  sufficient 
quantity  to  render  them  useful  at  some  future  time,  for 
either  medicinal  or  other  purposes. 

[b).  Note  on  Water  from  a  Hot  Spying,  Savo  Island, 
Solomon  Group. 

This  specimen,  received  from  Mr.  Charles  M.  Woodford, 
in  February,  1889,  was  contained  in  an  ordinary  fruit 
bottle. 

On  opening  the  bottle,  a  strong  smell  of  sulphuretted 
hydrogen  was  emitted,  and  the  gas  continued  to  escape 
for  two  or  three  days,  the  sides  of  the  measuring  flask 
were  marked  by  small  bubbles  of  the  gas  as  it  slowly 
escaped,  and  the  previously  clear  water  became  milky 
from  the  deposition  of  sulphur. 

The  bottle  contained  rather  a  large  amount  of  black 
sediment,  which,  under  the  microscope,  was  seen  to 
consist  of  black  opaque  granular  masses,  fragments  of 
quartz  and  other  transparent  mineral,  together  with  a  few 
diatom  frustules ;  the  black  particles  were  soluble  in 
hydrochloric  acid  and  gave  off  sulphuretted  hydrogen,  and 
the  solution  readied  for  iron  ;  hence  they  were  proved  to 
consist  of  iron  sulphide,  probably  of  quite  recent  origin, 
just  as  is  seen  in  the  New  Zealand  hot  springs.  (Liver- 
sidge,  New  Zealand  Hot  Springs,  four.  Roy.  Soc.  of 
N.S.W.  1887). 

With  litmus  paper  the  readtion  of  the  water  was  slightly 
acid,  as  might  be  expedted. 

The  clear  water,  on  decantation,  after  long  standing,  so 
as  to  be  free  from  sediment,  was  found  to  contain  0764 
grms.  of  total  solids  per  litre  (53‘48  grains  per  gallon)  in 
solution,  and  after  ignition  0^422  grms.  (2g-54  grains  per 
gallon  of  fixed  solids  per  litre). 

The  residue  left  on  evaporation  was  whitish,  with  a 
silky  lustre,  and  emitted  an  odour  of  sulphur  compounds, 
as  is  usual  in  such  water  residues;  and  on  ignition  gave 
off  much  steam  from  water  of  combination.  It  rapidly 
blackened,  and  the  carbonaceous  matter  present  burnt  off 
but  slowly. 

The  amount  of  water  at  my  disposal  rendered  it  impos¬ 
sible  to  make  a  quantitative  analysis  of  the  salts  in  solu¬ 
tion,  but  the  qualitative  analysis  showed  the  presence  of 
hydrochloric,  sulphuric,  and  sulphydric  acids,  together 
with  silica,  the  metals  iron,  aluminium,  calcium,  magne¬ 
sium,  and  sodium,  and  ferrous  sulphide,  as  already 
mentioned. 

As  far  as  can  be  ascertained  from  the  above  necessarily 
imperfedt  examination,  there  is  nothing  unusual  in  the 
character  of  the  water ;  the  spectroscope  did  not  show  the 
presence  of  any  of  the  rarer  alkaline  metals,  such  as 
lithium.  A  much  larger  quantity  of  the  water  would  be 
required  to  make  a  satisfactory  examination  for  them,  but 
there  was  quite  sufficient  of  the  water  to  show  that  they 
are  not  present  in  any  quantity. 

The  following  notes  are  appended,  as  it  may  be  of 
interest  to  some  of  the  members  to  have  the  accounts  of 
other  Pacific  hot  spring  waters  for  comparison.* 

Samples  of  Water  from  the  Island  of  Simbo  and  Santa 
Anna.  Collected  by  Dr.  H.  B.  Guppy,  Surgeon, 
H.M.S.  Lark. 

Dottle  49. — Containing  water  from  the  fresh  water  lake 
of  Wailava,  in  the  Island  of  Santa  Anna,  collected  in 
April,  1882.  I  have  seen  no  reference  to  this  lake  in  any 
of  the  works  which  bear  on  these  islands.  The  Island  of 
Santa  Anna  has  the  character  of  a  raised  atoll,  with  the 
large  central  depression  occupied  at  its  lowest  part  by  the 
waters  of  the  lakes  of  Wailava  and  Waipiapia.  Wailava 
is  about  half-a-mile'across  in  length,  and  has  a  depth  of 
15  fathoms,  as  ascertained  by  Lieut.  Oldham.  On  care¬ 
fully  examining  this  lake,  I  found  that  its  waters  are  at 
about  the  sea  level,  though  they  are  not  affeCted  by  the 
rise  and  fall  of  the  tides.  On  one  side  it  is  only  separated 
from  the  sea  by  a  low,  swampy  traCt  about  one-third  of  a 
mile  across,  and  not  elevated  more  than  20  feet  above  the 

*  Journal  of  the  Roy.  Soc.  ofN.S.  W.  for  187,  vol.  xi.,  p.  223. 


sea.  The  surface  of  this  traCt  is  strewn  with  coral 
fragments,  and  the  more  swampy  portion  abounds  with 
Auriculce.  It  is  evident  that  this  lake  has  been  only  cut 
off  from  the  sea  by  recent  elevation.  On  making  a  rough 
examination,  I  found  the  density  about  that  of  fresh  water, 
with  chlorines  abundant,  lime  two  or  three  grains  per 
gallon,  ammonia  unmistakeable,  taste  flat  and  fresh.  The 
water  rapidly  decolourises  a  solution  of  permanganate  of 
potash. 

Bottles  142  and  143. — Containing  water  from  the  boiling 
spring  in  the  island  of  Simbo,  collected  in  May,  1882. 
The  island  of  Simbo  is  formed  of  trachytic  rocks, 
and  contains  in  the  southern  part  an  extinCt  crater,  a 
solfatara,  and  numerous  fumaroles,  which  pierce  the  rocks, 
occurring  from  the  sea  up  to  the  highest  summit,  about 
1100  feet  above  the  sea.  This  water  was  collected  from 
the  boiling  spring  on  the  shores  of  a  lagoon  (very  probably 
an  old  crater)  on  the  south-west  side  of  the  island.  The 
spring  is  placed  amongst  decomposed  trachytic  rocks,  a 
foot  or  two  above  the  sea  level.  Its  temperature  is  2120, 
and  large  quantities  of  H2S  are  exhaled.  Iron  oxide  stains 
the  rocks  around,  which  are  encrusted  with  sulphur  and 
chloride  of  sodium  in  some  places.  Numerous  fumaroles 
pierce  the  slopes  overlooking  the  springs:  sulphur,  alum, 
milk-white  opal,  See.,  from  deposits  around  their  orifices. 
As  this  spring  is  close  to  the  edge  of  the  lagoon  of  salt 
water,  with  the  tidal  movements  of  which  its  waters  rise 
and  fall,  I  am  of  opinion,  from  a  cursory  examination  of 
the  water,  that  its  composition  may  be  regarded  as  sea 
water,  plus  the  substances  discharged  by  a  fumarole. 

Bottle  150. — Water  condensed  from  one  of  the  fumaroles 
in  the  solfatara  on  the  south-west  point  of  Simbo,  in  May, 
1882.  A  little  sulphur,  which  unavoidably  fell  in,  forms  a 
sediment  at  the  bottom  of  the  bottle.  For  two  hours  the 
thermometer  retained  in  the  orifice  of  the  fumarole  varied 
only  between  208°  and  210°  F.  Watery  vapour,  sul¬ 
phuretted  hydrogen,  and  sulphurous  acid  were  evolved, 
flaky  crystals  of  sulphur  encrusting  the  sides  of  the 
aperture.  A  strip  of  paper,  soaked  in  a  solution  of 
acetate  of  lead,  was  immediately  blackened,  and  the  black 
metallic  silver  sulphide  was  formed  in  the  interior  of  a 
piece  of  glass' tubing,  moistened  with  silver  nitrate,  whilst 
the  presence  of  sulphurous  acid  appeared  to  be  indicated 
by  the  suffocating  smell  of  burning  sulphur,  by  the  pre¬ 
sence  of  sulphur  deposits,  and  by  the  reddening  of  litmus 
paper.  No  turbidity  was  produced  in  lime-water,  nor  was 
the  presence  of  hydrochloric  acid  gas  shown  on  exposing 
a  solution  of  silver  nitrate. 

The  interior  of  the  solfatara  was  whitened  by  the 
decomposing  influence  of  the  vapours  evolved.  The 
elevation  of  the  fumarole  in  question  was  rather  under  300 
feet  above  the  sea. 

Bottle  151. — Water  condensed  May,  1882,  from  one  of 
the  fumaroles  on  the  summit  of  the  South  Hill,  in  the 
island  of  Simbo,  elevated  about  1100  feet  above  the  sea. 
The  temperature  of  the  fumarole  varied  during  two  hours 
between  1750  and  180°  F.  Employing  the  same  rough 
field  tests,  I  ascertained  that  watery'  vapour  was  the 
principal  substance  discharged.  No  effedt  was  produced 
on  acetate  of  lead,  silver  nitrate,  orlime-water,  and  litmus 
paper  was  very  slightly  reddened  after  a  prolonged 
exposure,  No  deposits  were  formed  around  the  orifices  of 
the  fumaroles  on  this  hill  summit.  The  trachytic  rock 
was  much  decomposed,  and  a  little  of  the  decomposed 
rock  unavoidably  fell  in,  and  forms  a  sediment  at  the 
bottom  of  the  bottle. 

For  an  additional  example  of  water  from  hot  springs  at 
Suva,  Fiji,  see  “  At  Flome  in  Fiji,”  by  F.  M.  Gordon 
Cumming. 


Exsiccators. — R.  Frubling  (Zeitschrift  Angewandte 
Chcmie)  proposes  an  instrument  which  differs  from  the 
ordinary  form  merely  by  its  greater  diameter.  C.  Lieber- 
mann  ( Berichte )  uses  exsiccators  of  yellow  glass  for  bodies 
which  are  affedted  by  light. 


Chemical  News,  1 
Nov.  28,  1890.  1 


Atomic  Weight  of  Magnesium. 


267 


AUSTRALIAN  METEORITES.* 


By  A.  LIVER5IDGE,  M.A.,  F.R.S.,  Professor  of  Chemistry, 
University  of  Sydney. 

(Abstract). 


The  Thiinda  meteorite ,  found  near  Windorali  in  the 
Diamantina  distridt,  Queensland. — The  mass  received  by 
me  originally  weighed  137  lbs.,  and  the  specific  gravity  is 
7-78.  In  composition  it  consists  essentially  of  nickeliferous 
iron,  containing  a  trace  of  cobalt,  together  with  a  little 
sulphur,  phosphorus,  and  carbon.  The  crystalline  struc¬ 
ture  is  extremely  well  marked,  which  is  not  only  shoA’n 
by  the  fradtured  surface,  but  by  the  cut  and  polished  sec¬ 
tions  when  etched  by  acids,  bromine,  or  copper  sulphate. 
This  meteorite  is  also  remarkable  for  the  many  nodules  of 
sulphide  of  iron  which  it  contains,  from  which  fissures 
proceed  in  such  a  way  as  to  show  that  the  iron  sulphide 
must  have  crystallised  last ;  in  fadt,  it  looks  as  if  it  had 
been  the  cause  of  the  fissures. 

Barratta  Meteorites,  Nos.  2  and  3.— The  first  meteor¬ 
ite  found  at  Barratta,  near  Demliquin,  in  New  South 
Wales,  has  already  been  described  in  the  Journal  of  the 
Royal  Society  of  New  South  Wales  for  1872  and  1880. 

These  later  ones,  also  in  the  possession  of  Mr.  Russell, 
F.R.S.,  Government  Astronomer,  Sydney,  were  found 
near  the  site  of  the  first ;  the  second  one  has  a  weight  of 
31  lbs  ,  and  a  specific  gravity  of  3706;  the  third  weighs 
48  lbs.,  and  has  a  specific  gravity  of  3-429;  the  first 
having  a  specific  gravity  of  3-429.  Jn  structure  and  ap¬ 
pearance  ail  three  are  very  much  alike,  and  they  consist 
essentially  of  silicates  of  magnesia  (as  enstatite),  iron, 
with  small  quantities  of  other  substances,  intermingled 
with  a  network  of  nickeliferous  iron. 

Gilgoin  meteorite,  in  the  possession  of  Mr.  Russell, 
F.R.S.,  Government  Astronomer,  Sydney,  found  on  the 
station  of  that  name,  near  Brewarrina,  N.S.W. —  This 
weighs  67I  lbs.,  and  has  a  specific  gravity  of  3 '857.  It  is 
very  much  more  cracked  and  fissured,  and  contains 
rather  a  larger  proportion  of  nickeliferous  iron  than  the 
preceding  one,  but  in  other  respedts  closely  resembles 
them. 

Eli  Elwah  — This  meteorite  is  also  an  earthy  one,  con¬ 
taining  nickeliferous  iron,  with  a  chondritic  or  granular 
strudture ;  it  weighs  33  £  lbs.,  and  has  a  specific  gravity  of 

3'537- 

Photographs  and  micro-photographs  of  sedtions  of  the 
four  earthy  meteorites  were  shown,  as  well  as  specimens 

of  each. 


LONDON  WATER  SUPPLY. 

Report  on  the  Composition  and  Quality  of  Daily 
Samples  of  the  Water  Supplied  to  London 
for  the  Month  Ending  October  31ST,  189a. 

By  WILLIAM  CROOKES,  F.R.S.; 

WILLIAM  ODLING,  M.B.,  F.R.S.,  F.R.C.P., 

Professor  of  Chemistry  at  the  University  of  Oxford  ; 

and  C.  MEYMOTT  TIDY,  M.B.,  F.C.S.,  Barrister-at-Law, 
Professor  of  Chemistry  and  of  Forensic  Medicine  at  the  London 
Hospital;  Medical  Officer  of  Health  for  Islington. 


To  General  A.  De  Courcy  Scott,  R.A., 

Water  Examiner,  Metropolis  Water  Act,  1871. 

London,  November  6th,  i8go. 

Sir ,— We  submit  herewith  the  results  of  our  analyses 
of  the  189  samples  of  water  colleded  by  us  during  the  past 
month,  at  the  several  places  and  on  the  several  days  indi¬ 
cated,  from  the  mains  of  the  seven  London  Water  Com¬ 
panies  taking  their  supply  from  the  Thames  and  Lea. 

In  Table  I.  we  have  recorded  the  analyses  in  detail  of 
samples,  one  taken  daily,  from  Odtober  1st  to  Odlober 
31st  inclusive.  The  purity  of  the  water,  in  respedt  to 

*  From  the  Transactions  of  the  Australasian  Association  for  the 

Advancement  of  Science,  Melbourne  Meeting,  1890,  Setftion  B. 


organic  matter,  has  been  determined  by  the  Oxygen  and 
Combustion  processes;  and  the  results  of  our  analyses  by 
these  methods  are  stated  in  Columns  XIV.  to  XVIII. 

We  have  recorded  in  Table  II.  the  tint  of  the  several 
samples  of  water,  as  determined  by  the  cclour-meter 
described  in  a  previous  report. 

In  Table  III.  we  have  recorded  the  oxygen  required  to 
oxidise  the  organic  matter  in  all  the  samples  submitted 
to  analysis. 

Of  the  iSg  samples  examined,  the  whole  were  found  to  be 
clear,  bright,  and  well  filtered. 

Throughout  the  month  of  Odlober  the  charadter  of  the 
water  supply  to  the  metropolis  continued  to  be  entirely 
satisfadtory,  in  respedt  alike  to  freedom  from  turbidity, 
from  colour-tint,  and  from  any  excess  of  organic  matter. 
The  mean  proportion  of  organic  carbon  present  in  the 
Thames-derived  water  was  only  0-136  part  in  100,000 
parts,  with  a  maximum  of  o‘i6o  part  in  any  single  sample 
examined.  The  mean  ratio  of  brown  to  blue  tint  of  the 
same  water  was  as  10-4  ;  2o-o  ;  while  the  mean  amount  of 
oxygen  taken  np  in  the  oxidation  of  the  organic  matter 
present  in  a  gallon  of  the  water  was  just  under  0-4  grain. 

We  are,  Sir, 

Your  obedient  Servants, 

William  Crookes. 

William  Odling. 

C.  Meymott  Tidy. 


THE  ATOMIC  WEIGHT  OF  MAGNESIUM  AS 

DETERMINED  BY  THE  COMPOSITION  OF 
ITS  OXIDE. 

By  W.  M.  BURTON  and  L.  D.  VORCE. 

The  method  employed  by  Dr.  H,  N.  Morse*  and  one  of 
us  (B.)  for  the  preparation  of  pure  zinc  and  the  determina¬ 
tion  of  its  atomic  weight  yielded  such  satisfadtory  results 
that  it  seemed  desirable  to  employ  the  same  process  for 
the  purification  of  other  metals  and  for  the  re-determina¬ 
tion  of  their  atomic  weights.  Among  others,  magnesium 
was  suggested  as  being  suitable  for  the  purpose,  because, 
like  zinc,  it  can  be  distilled  at  a  comparatively  low  tem¬ 
perature,  and  its  nitrate  upon  ignition  yields  an  oxide  of 
definite  composition  and  stable  when  heated  to  a  very  high 
temperature. 

Therefore,  in  accordance  with  an  understanding  with 
Dr.  Morse,  we  have  undertaken  the  re-determination  of  its 
atomic  weight.  Several  investigators  have  determined 
the  atomic  weight  of  magnesium,  but  in  almost  every  in¬ 
stance  either  some  impurity  was  found  to  exist  in  the 
materials  used,  or  else  some  defedt  was  discovered  in  the 
method  employed,  thereby  creating  doubt  as  to  the 
accuracy  of  the  results  obtained.  The  following  methods 
have  been  used 

1.  Composition  of  sulphate  by  adtion  of  sulphuric  acid 
on  the  oxide  (Berzelius, f  Bahr,|  Svanberg  and  Norden- 
feldt, §  and  Marignac||). 

2.  Determination  of  sulphuric  acid  in  the  sulphate  by 
precipitation  as  barium  sulphate  (Scheerer,*(  Jacquelain,** 
and  Gay-Lussacff). 

3.  Conversion  of  oxalate  into  oxide  by  ignition  (Svan¬ 
berg  and  Nordenfeldtj;(:). 

4.  Conversion  of  sulphate  into  oxide  by  ignition  (Gay- 
Lussac^). 


*  American  Chemical  Journal,  x.,  311. 
+  Fogg.  Ann  ,  viii.,  188. 

I  Jour.  f.  pr.  Chem.,  Ivi.,  310. 

§  Ibid.,  xlv.,  474. 

II  Ann.  ch.pliys  ,  (6),  i.,  321. 

If  Fogg.  Ann.,  lxix.,  535. 

Ann.  ch.  pliys.  (3),  xxxii.,  202. 

H  Ibid.,  (2).  xiii.,  308. 

§5  Jour.  f.  pr.Ch.,x  v.,yj$. 

II  il  Loc.  cit. 
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5.  Determination  of  chlorine  in  magnesium  chloride 
(Dumas*). 

6.  Conversion  of  carbonate  into  oxide  by  ignition 
(Marchand  and  Scheererf). 

The  results  of  these  investigations  are  shown  in  the 
following  table : — 


Date. 

Investigators. 

At.  wt.  Mg. 

At.  wt.  Mg. 

(0  =  i6). 

(0  =  15-93). 

1819 

Gay-Lussac 

2289 

22  ’8 1 2 

1820 

J  1 

24-18 

24-102 

1826 

Berzelius 

25-20 

25-I22 

1846 

Scheerer 

24-11 

24-032 

1847 

1  Svanberg 
(  Nordenfeldt 

2463 

24-562 

1850 

Jacquelain 

24-11 

24-032 

1850 

(  Marchand 
\  Scheerer 

23-96 

23-882 

1852 

Bahr 

24-74 

24-662 

1859 

Dumas 

24-48 

24-502 

1884 

Marignac 

2438 

24-302 

The  method  which  we  propose  is  essentially  the  same 
as  that  which  was  used  in  the  determination  of  the  atomic 
weight  of  zinc,  and  previously  described  in  the  American 
Chemical  Journal .J  Slight  changes  have  been  made  in 
some  details  of  the  manipulation,  and  these  will  be  noted 
in  their  appropriate  places.  The  magnesium  was  purified 
by  distillation  in  a  vacuum.  Weighed  poitions  of  the 
metal  were  converted  into  the  nitrate,  which  was  ignited 
to  the  oxide,  first  in  a  hot-air  bath,  and  finally  at  the 
highest  temperature  obtainable  in  a  muffle  furnace.  The 
simplicity  and  directness  of  the  method  are  strong  points 
in  its  favour,  and  we  believe  we  have  eliminated  the  two 
general  difficulties  by  which  the  accurate  determination 
of  the  atomic  weight  of  magnesium  has  been  beset,  viz., 
first,  presence  of  impurities  in  the  materials  used  ;  second, 
the  error  involved  in  determining  these  impurities  and 
correcting  for  them. 

I.  The  Preparation  of  Pure  Magnesium. 

When  an  attempt  was  made  to  distil  the  magnesium 
in  ordinary  hard  glass  tubes,  it  was  found  that  the  vapours 
of  the  metal  attacked  the  glass,  forming  a  black  volu¬ 
minous  substance  which  evolved  a  spontaneously  inflam¬ 
mable  gas  when  treated  with  an  acid.  The  action  of 
magnesium  powder  on  silica  and  other  oxides  has  been 
studied  by  Gattermann,§  and  his  results  lead  us  to  con¬ 
clude  that  the  black  substance  which  we  obtained  was 
magnesium  silicide  of  the  formula  Mg2Si,  and  the  explo 

C _ A _ D 

°  "  1  % 

sive  gas  was  undoubtedly  silicon  tetrahydride.  Further, 
when  the  silicide  was  dissolved  in  acid,  there  remained 
a  yellow  substance  which  probably  was  the  suboxide  of 
silicon  described  by  Mabery.H  Repeated  fractional  dis¬ 
tillation  did  not  entirely  separate  this  silicide  of 
magnesium  from  the  pure  metal.  In  consideration  of 
the  faCl  that  magnesium  forms  no  alloys  with  iron,  the 
idea  suggested  itself  of  using  an  iron  tube  inside  the  glass 
tube.  Fig.  1  represents  the  method  of  arrangement,  a 
is  a  tube  of  hardest  potassa  glass,  fused  together  at  one 
end.  b  is  a  tube  made  of  thin  sheet  iron  of  the  best 
quality  obtainable.  The  iron  tube  was  pushed  into  the 
glass  tube  as  represented  and  then  filled  with  small  pieces 
of  magnesium  ribbon.  The  end  of  the  iron  tube  at  e  is 
bent  over  in  such  a  way  as  to  pi  event  the  carrying  over 
of  small  pieces  of  magnesium  during  the  distillation. 
About  10  grms.  of  the  metal  weie  used  in  each  charge. 


*  Ann.  ch.  phys.  (3),  lv.,  it 9. 

t  Jour.  f.  pr.  Client.,  1.,  385. 

i  hoc.  cit. 

§  Ber.  d.  Chem.  Ges.,  xxii.,  186. 
||  Amer.  Chem.  Jour.,  ix,,  14. 


The  glass  tube  was  connected  at  /  with  a  Sprengel  air- 
pump  and  the  apparatus  thoroughly  exhausted.  The  tube 
was  healed  in  a  combustion  furnace  throughout  its  whole 
length,  but  most  strongly  at  b.  When  the  iron  tube 
showed  a  bright  red  heat  the  magnesium  commenced  to 
volatilise  and  sublime  on  the  cooler  portions  of  the  tube 
at  A,  forming  at  first  a  black  mirror  of  magnesium  sili¬ 
cide. 

Our  first  plan  was  to  use  an  iron  tube  extending  from  c 
toD,  so  that  the  glass  would  be  entirely  protected  from  the 
vapours  of  magnesium,  but  numerous  experiments  showed 
that  the  first  coating  at  a  entirely  protected  the  glass,  so 
that  subsequent  portions  of  the  metal  were  deposited  with¬ 
out  being  contaminated  with  the  silicide.  Experiment 
also  showed  that  the  iron  tube  served  to  support  the  walls 
of  the  glass  tube,  as  the  latter  would  otherwise  collapse 
when  heaied  to  the  fusing  point  of  magnesium.  The  tube 
at  b  was  maintained  at  a  bright  red  heat  for  about  an 
hour,  the  gas  was  then  turned  down  and  the  apparatus 
cooled  veiy  slowly.  By  taking  proper  precautions  the 
cracking  of  the  tube  was  prevented  during  the  cooling 
process,  thereby  maintaining  a  vacuum  in  the  apparatus 
until  the  end  of  the  distillation.  The  portion  of  the  metal 
remaining  in  b  and  that  which  had  collected  at  d  were 
rejected.  The  portion  collected  at  a  was  three  times  re¬ 
distilled  ;  the  magnesium  which  collected  at  A  during  the 
fourth  distillation  was  employed  for  the  atomic  weight 
determination.  It  was  deposited  as  a  thin  crystalline  bar 
of  pure  white  metal,  which  readily  separated  from  the 
coating  of  magnesium  silicide  on  the  glass.  In  a  few  in¬ 
stances  beautiful  crystals  of  ihe  metal  were  formed  ;  these 
will  be  considered  later  in  this  paper.  The  magnesium 
deposited  in  the  fourth  distillation  was  carefully  analysed, 
special  pains  being  used  in  the  tests  for  silicon,  carbon, 
calcium,  and  iron,  but  we  were  unable  to  deteCt  any  im¬ 
purity  whatever.  It  was  also  spectroscopically  examined, 
but  the  speCtrum  showed  no  lines  of  impurities,  the 
characteristic  green  lines  of  magnesium  being  the  only 
ones  visible.  We  analysed  the  magnesium  ribbon  used  in 
the  distillation,  and  found  small  quantities  of  silicon,  iron, 
and  carbon. 

II.  Preparation  of  Pure  Dilute  Nitric  Acid. 

Pure  strong  nitric  acid  was  prepared  by  the  method 
already  described  in  the  American  Chemical  Journal.* * * § 
In  order  that  the  magnesium  might  dissolve  slowly,  the 
nitric  acid  was  diluted  with  an  equal  volume  of  water. 
The  water  was  purified  by  distilling  it  first  Irom  acid  per¬ 
manganate  of  potassium,  then  from  alkaline  perman¬ 
ganate,  and  finally  in  the  platinum  apparatus  which  was 
used  in  preparing  the  nitric  acid.  The  dilute  acid  was 
preserved  in  a  platinum  dish  under  a  bell-jar,  and  a 
platinum  spoon  was  used  for  transferring  it  as  it  was 
needed. 

III.  The  Method  of  Procedure. 

The  conversion  of  the  magnesium  into  its  oxide  was 
effected  in  porcelain  crucible,  the  arrangement  of  the 
crucibles  being  the  same  as  that  described  in  the  article 
on  the  atomic  weight  of  zinc.  A  piece  of  magnesium 
weighing  about  300  m.grms.  was  carefully  broken  off,  and 
any  clinging  poitions  of  dust  removed  by  filing.  A 
powerful  lens  was  used  in  examining  the  metal,  and  it 
was  not  handled  except  by  means  of  clean  forceps. 
Having  balanced  a  pair  of  crucibles  with  their  appropriate 
tares,  the  difference  in  weight  was  noted.  The  piece  of 
magnesium  was  then  weighed  into  one  of  them,  and 
treated  with  dilute  nitric  acid.  When  the  metal  had  dis¬ 
appeared,  the  excess  of  acid  and  water  was  evaporated, 
and  the  nitrate  ot  magnesium  partially  decomposed  by 
heating  in  a  sand-bath.  Finally  the  crucibles  were  placed 
in  a  muffle  furnace,  and  kept  at  a  white  heat  for  about  two 
hours.  After  weighing,  the  oxide  was  again  heated  in 
the  muffle,  and  as  a  rule  one  ignition  was  sufficient  to  in¬ 
sure  constant  weight.  In  some  of  the  determinations, 


*  Vol.  x.,  p.  314. 
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however,  two  ignitions  were  necessary.  The  tares  were 
treated  with  dilute  nitric  acid,  and  heated  in  every  in¬ 
stance  like  the  crucibles  in  which  the  determinations  were 
made.  The  magnesium  oxide  was  tested  for  oxides  of 
nitrogen  by  the  method  described  by  Griess.*  The  mag¬ 
nesium  oxide  was  dissolved  in  dilute  sulphuric  acid,  and 
2  c.c.  each  of  sulphanilic  acid  and  naphthylamine  hydro¬ 
chlorate  were  added.  Not  a  trace  of  the  pink  colour 
appeared.  In  another  sample  of  the  oxide  which  was  not 
ignited  to  constant  weight,  the  iodide  of  starch  reaction 
for  testing  for  nitrous  acid  failed  to  give  a  blue  colour, 
while  the  sulphanilic  acid  test  showed  a  distinct  pink 
colour. 

IV.  The  Weighing. 

The  balance  used  was  made  by  Becker  Bros.;  its 
capacity  was  100  grms.,  and  it  was  sensitive  to  Ay  milli¬ 
gramme  with  its  full  load.  The  balance  case  was  enclosed 
in  a  tight-fitting  wooden  box  furnished  with  appropriate 
doors,  through  which  the  weights  and  crucibles  could  be 
transferred.  All  observations  were  made  with  these  doors 
closed.  A  gas  lamp  and  mirror  were  so  arranged 
that  the  ivory  scale  of  the  balance  could  be  illuminated 
through  a  small  aperture  in  the  box  ;  the  excursions  of 
the  pointer  were  noted  through  a  similar  aperture  situated 
just  above  the  first.  The  methods  of  weighing  by  vibra¬ 
tions  and  of  double  weighing — that  is,  upon  both  pans — 
were  employed  throughout.  The  sensibility  of  the  balance 
with  the  load  furnished  by  the  crucibles  was  determined 
at  least  once  during  each  series  of  observations.  Each 
weighing  was  made  as  rapidly  as  possible,  allowing  due 
time  for  noting  observations  accurately,  as  it  is  believed 
that  an  undue  amount  of  time  spent  in  weighing  only 
increases  the  error  due  to  changes  in  temperature  and 
atmospheric  conditions.  Only  the  smaller  platinum 
weights  were  used,  since  the  magnesium  oxide  obtained 
in  one  experiment  never  weighed  more  than  700  m.grms. 
All  weighings  were  made  at  night  after  the  laboratory  and 
streets  in  the  vicinity  had  become  quiet. 

V.  The  Results. 

The  following  table  shows  the  result  of  ten  successive 
experiments : — 


Wt.  of  Mg. 

Wt.  of  MgO. 

At.  wt.  Mg. 

At.  wt.  Mg. 

(0  =  i6). 

(0  =  15-95). t 

I. 

0-33009 

0-54766 

24-278 

24-202 

2. 

0-34512 

0-57252 

24-283 

24-207 

3- 

0-26058 

0-43221 

24-292 

24-216 

4- 

0-28600 

0-47432 

24-299 

24-223 

5- 

0-30917 

0-51273 

243OX 

24-225 

6. 

0-27636 

0-45853 

24-271 

24'195 

7- 

0-36457 

060475 

24-286 

24-210 

8. 

0-32411 

0-53746 

24-304 

24-228 

9- 

0-32108 

0-53263 

24-284 

24-208 

10. 

0-28323 

0-46988 

24-279 

24-203 

Mean 

24-287 

24-211 

Highest 

24-304 

24  228 

Lowest 

24-271 

24'195 

Difference 

OO33 

0-033 

If  we  calculate  the  atomic  weight  from  the  sums  of  the 
quantities  of  magnesium  taken,  and  oxide  obtained  as 
recommended  by  Meyer  and  Seubert,J  we  have — 

Wt.  of  Mg.  Wt.  of  MgO.  At.  wt.  Mg.  At.  wt.  Mg. 

(0  =  i6).  (0  =  15-95). 

3-10031  5-14269  24-287  24-211 

VI.  Crystals  of  Magnesium. 

Of  the  crystal  form  of  magnesium  very  little  is  definitely 
known.  The  element  is  usually  regarded  as  holohedral, 
hexagonal,  and  isomorphous  with  zinc  and  beryllium. 
The  production  of  very  perfect  crystals  during  the  dis- 

*  Ber.  d.  chem.  GeselL.xii.,  426. 

t  Value  found  by  Keiser,  American  Chemical  Journal,  x.,  249. 

j  “  Die  Atomgewichte  der  Elemente,”  p.  13. 
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filiation  of  our  magnesium  seemed  of  sufficient  interest 
to  warrant  their  study  and  description.  Dr.  G.  H. 
Williams,  of  the  Johns  Hopkins  University,  undertook 
this  work  and  kindly  sent  us  his  results  for  publication. 
The  first  account  of  magnesium  crystals  was  given  by 
Dumas*  in  1880,  who  oDtained  them  while  experimenting 
with  the  gases  absorbed  by  magnesium  during  distillation. 
Des  Cloizeauxf  measured  these  crystals  and  described 
them  as  hexagonal  prisms  with  the  unit  pyramid  and 
terminated  by  the  basal  plane.  He  obtained  the  axial 
ratio  a:  c=  1  :  1-6391. 

The  crystals  which  we  obtained  were  about  1  m.m.  in 
diameter,  having  very  perfcCt  planes,  which  furnished  in 
most  instances  sharp  and  disiinCt  reflections  on  the  gonio¬ 
meter.  No  planes  appeared  except  OP,  P,  and  00  P.  The 
following  tableshows  the  angles  measured  on  four  different 
crystals  with  a  largo  Fuess  goniometer.  In  each  crystal 
one  or  more  zones  of  1800  were  observed  ;  when  more 
then  one  zone  was  measured  the  mean  result  is  stated 
and  the  number  of  zones  upon  which  this  average  is  based 


is  given  in  parenthesis. 

Crys’l.  OP  :  P.  P  :  co  P, 

co  P  :  P', 

P':  OP'. 

I.  61°  47'  (2) 

28°  12'  (2) 

28°  17’ 

61°  50' 

II.  6l°  44' 

28°  15' 

28°  5' 

28°  5'  (3) 

28’  00' 

— 

HI.  61=  55- 

28J  3' 

6i°57' 

IV.  6i°  57'  (3) 

28°  7'  (3) 

6t°  52'  (3) 

The  average  of 

the  twelve  measurements  of  the  angle 

OP  :  P  is  6i°  52'  30"  ;  whose  supplement  is  118°  7'  30". 
If  we  use  this  value  for  the  axial  ratio  we  have  a:c  = 
1  :  1-6202,  which  is  almost  identical  with  the  value 
obtained  by  Des  Cloizeaux.  It  appears  from  these  figures 
that  magnesium  is  more  closely  related  to  beryllium,  in 
its  crystal  form,  than  to  zinc,  as  will  be  seen  in  the 
following  statement : — 

Beryllium  a:c=  1  :  1-5802  Brogger. 

Zinc  a:c  =  i  :  1-35642  Williams  and  Burton 

( Amer .  Chem.  Jour.,  xi.,  219). 

Magnesium  a:  c=  1  :  1-6202  Wilson. 

Experiments  were  made  to  test  the  cohesive  properties 
and  slipping  planes  of  the  magnesium,  but  no  results  were 
obtained  like  those  described  in  the  investigation  of  zinc 
crystals. 

It  is  with  pleasure  that  we  acknowledge  our  indebted¬ 
ness  to  Professor  Morley  and  Prolesor  Mabery,  who  placed 
their  laboratories  at  our  disposal  during  this  investigation. 
With  such  adequate  facilities  we  were  enabled  to  work 
much  more  rapidly  and  satisfactorily  than  we  otherwise 
could  have  done. 


TPIE  DRY  ASSAY  OF  TIN  ORSS.+ 

Part  II. 

By  HEINRICH  O.  HOFFMANN, 

Assistant  Professor  of  Mining  and  Metallurgy. 

(Continued  from  p.  170). 

Class  A  ( b ). 

This  class  embraces  the  bronze  assays  of  Winkler,  and  the 
different  iron  assays. 

4.  Winkler’s  method§  is  as  follows  : — 5  grms.  of  ore 
are  mixed  with  5  grms.  of  cupric  oxide,  and  charged  in  a 
clay  crucible  ;  on  top  are  placed  15  grms.  of  black  flux 
with  1-25  grms.  of  borax  glass,  then  a  salt  cover,  and 
finally  a  large  piece  of  charcoal.  The  crucible  is  heated 
in  a  muffle  or  a  pot-furnace,  after  boiling  has  ceased,  for 

*  Comptes  rendus,  xc.,  1027. 

t  Ibid.,  xc.,  1101. 

i  Read  at  the  Coloiado  Meeting  of  the  American  Institute  of 
Mining  Engineers,  June,  1889.  From  the  Technology  Quarterly, 
Vol.  111.,  No.  3. 

§  Berg-  ttnd  Huttenmannische  Zeituhg,  1864,  p.  17;  also  Kerl 
op,  cat.,  p.  483 ;  and  Balling,  “  Die  Probirkunde,  p,  391, 


The  Dry  Assay  of  Tin  Ores. 


27  o 


The  Dry  Assay  of  Tin  Ores 


(  Chemical  New?, 
t  Nov.  28,  1890. 


three-quarters  of  an  hour  to  an  hour  at  a  bright  red  heat, 
finishing  the  assay  at  almost  a  white  heat.  The  result  is 
a  white  brittle  tin-copper  alloy.  With  every  tin  assay, 
an  assay  of  5  grms.  of  cupric  oxide  with  the  same  charge 
is  made,  and  the  weight  of  the  resulting  button  of  copper, 
subtracted  from  the  bronze  button,  gives  the  weight  of 
the  tin  contained  in  the  ore. 

This  assay  is  really  a  modification  of  the  German 
method.  Its  advantage  is  that  no  prills  of  tin  (or,  rather, 
particles  of  bronze)  are  found  suspended  in  the  slag.  All 
the  metallic  oxides  that  have  been  reduced  are  found  col¬ 
lected  in  one  button.  It  is  claimed  that  more  tin  is  re¬ 
covered  by  this  method  than  by  the  regular  German 
method,  and  that  the  buttons  do  not  differ  more  than 
from  o-4  to  0-5  per  cent.  If  this  could  be  substantiated, 
the  method  would  be  a  serious  rival  to  the  cyanide  assay. 

In  the  experiments  carried  out,  the  directions  given 
[ante)  were  closely  followed,  only  the  black  flux  substitute 
(2  potassium  carbonate  and  1  flour)  was  used,  as  in  the 
regular  German  method,  instead  of  the  black  flux  proper. 

The  charges  were  readily  fusible,  liquid,  and  showed  a 
smooth  surface  when  cool.  The  crucibles  were  not 
attacked,  and  no  particles  of  bronze  were  discernible  in 
the  slags.  As  in  the  German  assay,  the  upper  salt  slag 
and  the  lower  borax  slag  have  to  be  distinguished.  The 
salt  slag  separates  readily  from  the  lower  slag,  has  a 
crystalline  structure,  is  brittle,  has  a  pearly  lustre,  and  is 
opaque.  In  the  centre  of  every  salt  slag  is  a  small  cavity, 
into  which  white  fern-like  crystals  protrude.  The  white 
base  of  the  crystals  is  encircled  by  a  green-tinged  shell, 
and  this  by  the  bulk  of  the  slag,  which  is  of  a  lighter 
purple  colour  than  that  of  the  German  assay.  The 
reason  is  probably  that  less  carbon  is  present  in  the 
charge,  no  charcoal  having  been  added.  The  vitreous 
borax  slag  is  hard,  opaque,  and  greenish  black.  The  oval 
bronze  button  is  smooth,  crystalline,  brittle,  white,  and 
the  more  rounded  copper  button  has  thread-like  lines  of 
crystals  on  the  surface,  and  is  of  a  beautiful  rose  colour. 
Both  separate  well  from  their  slags. 


Table  XVIII. 


Resulting 

Resulting 

Resultin 

g  tin. 

No. 

bronze. 

copper. 

, - 0. 

- ^ 

of  assay. 

Grms. 

Grms. 

Grms. 

Per  cent. 

95- 

7'200 

3-825 

3’375 

67-50 

96. 

7-17° 

3-805 

3'3b5 

67-30 

97- 

7‘ITO 

3785 

3725 

66-50 

98. 

7‘105 

3785 

3-320 

66-40 

99. 

7-040 

3-820 

3-220 

64-40 

IOO. 

7-020 

3770 

3-250 

65-00 

IOI. 

7-000 

3770 

3-230 

64-60 

Average 

..  7-092 

3794 

3-298 

65-96 

102. 

7-185 

3-920 

3-265 

65-30 

103. 

7-14° 

3-920 

3*220 

64-40 

Average 

..  7-162 

3-920 

2-2425 

64-85 

Table  XVIII.  shows  that  loo  much  has  been  claimed 
for  this  method,  both  as  to  output  of  tin  and  accuracy  of 
results.  The  total  average,  Nos.  95  to  iox  (65-96  per 
cent  tin),  is  i-88  per  cent  too  low,  and  while  in  some  cases 
excellent  results  are  obtained  (Nos.  95  and  g6),  in  others, 
under  the  same  conditions,  an  assay  can  be  3-24  per  cent 
too  low.  It  was  thought  that  pethaps,  by  increasing  the 
amount  of  reducing  agent,  better  results  could  be  ob¬ 
tained.  Thus,  1  gim.  of  charcoal  was  mixed  with  the  5 
grms.  of  ore  and  5  grms.  of  cupric  oxide,  and  then  the 
usual  charge  given.  The  results  (Nos.  102  and  103)  show 
only  an  increase  of  weight  in  the  copper  recovered.  Chalk 
lined  crucibles  were  tried,  as  in  the  German  method,  but, 
while  no  essential  particular  could  be  observed  in  which 
the  assay  differed  from  that  in  the  naked  crucible,  the 
results  given  in  Table  XIX.  show  that  the  discrepancy  in 
the  resulting  weights  of  tin  is  enormous,  while  the  out¬ 
put  of  copper  is  higher,  and  very  even. 


Table  XIX. 

Resulting 

Resulting 

Resulting  tin. 

No. 

bronze. 

copper. 

i — 

- 1 - 

of  assay. 

Grms. 

Grms. 

Grms. 

Per  cent. 

IO4. 

6-850 

3-8r5 

3-035 

60-70 

105. 

6  660 

3-8I5 

2-845 

56-90 

106. 

6-760 

3-810 

2-950 

59-00 

107. 

6-250 

3  810 

2-440 

48-80 

As  a  modification,  thererore,  the  chalk  lined  crucible 
must  here  also  be  left  out  of  consideration. 

The  reason  that  the  results  with  the  Winkler  method 
vary  so  much  is  that  the  presence  of  copper  adds  a  new 
difficulty  to  the  assay.  This  can  be  seen  from  the  tabu¬ 
lated  results  obtained  in  reducing  cupric  oxide  for  the  tin 
assays  carried  out  above. 

In  all  the  assays,  precipitated  chemically  pure  cupric 
oxide  v/as  used.  If  reduced  completely,  5  grms.  of  cupric 
oxide  ought  to  give  3-993  grms.  of  copper.  In  the  naked 
crucible  we  obtain  as  an  average  3-801  grms.  and  a  dis¬ 
crepancy  of  0-055  grm-  between  the  highest  and  lowest 
results,  which,  if  expressed  in  percentage,  gives  n  per 
cent  difference.  In  the  chalk-lined  crucible  there  is  a 
better  output  in  copper ;  if  extra  reducing  agents  be 
added,  a  still  better  result  is  obtained,  even  in  the  naked 
crucible,  but  not  a  correspondingly  better  redudion  of 
stannic  oxide.  It  would  seem,  therefore,  that  the  amount 
of  tin  reduced  will  vary  according  to  the  amount  of  copper 
carried  off  in  the  slag. 


Table  XX. 


Grms.  of  copper 
resulting  in  naked 
crucible  with 
regular  charge. 

3-825 

3-820 

3-805 

3785 

377° 


Aver.  3-801 


Grms.  of  copper 
resulting  in  naked 
crucible  with 
regular  charge  and 
1  grm  charcoal. 

3-92° 


3-Q20 


Grms.  of  copper 
resulting  in  chalk- 
lined  crucible  with 
regular  charge. 

3'8i5 

3‘8to 


3-8125 


In  the  assays  with  potassium  cyanide  it  was  seen  that 
the  presence  of  sulphates  had  a  very  bad  effed  on  the  re¬ 
sult.  As  copper  has  a  very  great  affinity  for  sulphur,  the 
results  of  this  bronze  assay  may  also  have  been  influenced 
by  it.  Several  assays  were  made,  omitting  the  salt  and 
I  increasing  the  amount  of  potassium  carbonate.  The 
\  weight  of  the  copper  buttons  was  slightly  higher,  e.%., 
3-850  grms.  ;  but  the  redudion  of  the  tin  was  very  imper- 
fed,  as  it  did  not  all  alloy  with  the  copper  and  colled  in 
one  button  of  bronze  ;  prills  of  bright  malleable  tin  were 
found  in  the  slag,  showing  that,  to  obtain  a  slag  of  suffi¬ 
cient  fluidity  for  all  reduced  metal  to  colled  in  one  button, 
the  addition  of  salt  is  necessary.  By  reference  to  the 
German  assay  it  will  be  seen  that  the  presence  of  salt 
containing  sulphates  does  not  produce  the  same  bad 
effed  on  tin  as  in  the  cyanide  assay. 

The  Winkler  method  is  given  in  a  modified  way  by 
Ricketts  :* — ore,  10  grms.  ;  cupric  oxide,  10  grms. ;  black 
flux  substitute,  30  grms.;  argol,  2  grms.  ;  borax  glass,  5 
grms., — are  well  mixed,  charged  in  a  chalk-lined  crucible, 
a  salt  cover  and  charcoal  are  added,  and  the  charge 
heated  gradually  to  a  white  heat  for  an  hour.  He  advises 
separating  tin  and  copper  in  the  wet  way.  In  this  modi¬ 
fied  method,  it  will  be  seen  that  an  additional  reducing 
agent,  argol,  has  been  added,  and  that  flux  and  ore  are 
intimately  mixed.  Winkler  makes  a  point  of  not  mixing 
ore  and  flux,  as  he  wishes  to  avoid  the  strong  boiling  of 
the  charge,  whereby  particles  of  alloy  might  adhere 
to  the  sides  of  the  crucible  and  escape  being  colleded  in 
the  button. 


*  “  Notes  on  Assaying,”  188C,  p.  89;  quoting  from  Mitchell, 
“  Manual  of  Assaying,”  p.  411  (probably  fourth  edition,  as  it  has  been 
omitted  in  the  fifth  edition  of  18S1), 
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Three  bronze  assays  were  carried  out,  and  one  copper 
assay,  giving  the  following  results  : — 


Table  XXI. 

Resulting 

Resulting 

Resulting  tin. 

No. 

bronze. 

copper. 

r 

- ^ 

of  assay. 

Grms. 

Grms. 

Grms. 

Per  cent. 

108. 

13-685 

7-360 

6'325 

&3'25 

iog. 

13-660 

7-360 

6-300 

63-00 

no. 

i3'63° 

7-360 

6  270 

62-70 

Average 

..  13658 

7-360 

6-2gS 

62-gS 

They 

show  no 

advantage  over 

Winkler' 

’s  original 

method.  Less  tin  is  recovered,  and  more  copper  is 
scorified,  and  a  treatment  of  the  alloy  in  the  wet  way 
would  be  apparently  a  loss  of  time. 

(To  be  continued). 


CORRESPONDENCE. 


THE  CHEMICAL  SOCIETY. 


To  the  Editor  of  the  Chemical  News. 

Sir, — We  shall  be  obliged  if  you  will  allow  us  to  make 
the  following  statements  in  reference  to  the  innuendoes 
contained  in  a  letter  in  your  last  issue. 

Our  circular  is,  in  both  type  and  paper,  totally  unlike 
any  document  sent  out  by  the  Chemical  Society  to  the 
Fellows,  and  the  statement  to  the  contrary  is  utterly 
without  foundation,  even  though  it  comes  from  a  former 
member  of  the  council. 

Of  the  hundreds  of  Fellows  who  have  signed  our  circular 
thirty-eight  returned  them  to  the  Chemical  Society. 
These  copies  have  been  handed  to  us,  and  we  have  no 
reason  to  believe  that  any  have  been  withheld. 

We  regret  that  anyone,  more  especially  a  former 
member  of  the  council,  should  have  such  a  poor  opinion 
of  the  intellectual  and  moral  status  of  the  Fellows  of  the 
Society  as  to  assume  they  would  give  their  written  assent 
to  views,  when  promulgated  by  the  council,  which  they 
could  not  assent  to  when  promulgated  by  others. 

Were  it  not  that  we  must  treat  this  assumption  on  the 
same  basis  as  the  rest  of  the  letter,  we  think  it  would  have 
been  the  strongest  possible  argument  in  defence  of  our 
present  policy,  which  is  to  keep  out  of  the  Society  those 
who  are  intellectually,  or  morally,  unworthy  of  the 
Fellowship. — We  are,  &c., 

Frederick  J.  Lloyd. 

Frank  L.  Teed. 


CHEMICAL  NOTICES  FROM  FOREIGN 
SOURCES. 


Noth. — All  degrees  of  temperature  are  Centigrade  unless  otherwise 
expressed. 

Comptes  Rendus  Hebdomadaires  des  Seances,  de  1' Academie 
des  Sciences.  Vol.  cxi.,  No.  18,  November  3,  i8go. 

Action  of  Borax  in  Alkaline  Developing  Baths. — P. 
Mercier. — Sodium  borate  is  generally  considered  as  re¬ 
tarding  the  development,  yet,  as  it  presents  an  alkaline 
reaction,  it  ought  to  aCt  solely  as  an  accelerator.  The  ex¬ 
planation  of  this  apparent  anomaly  may  be  found  in  a 
research  by  M.  Aug.  Lambert,  published  in  the  Comptes 
Rendus,  and  on  the  aCtion  of  borax  upon  the  polyatomic 
alcohols  and  phenols,  and  especially  upon  pyrogallol, 
lrydroquinone,  and  pyrocatechin.  It  appears  that  boric 
acid  combines  with  the  primary  polyatomic  alcohols  and 


certain  polyatomic  phenols  to  give  rise  to  certain  boro- 
conjugated  acids.  Thus,  borax  added  in  small  quanti¬ 
ties  to  pyrogallol  converts  it  into  a  true  acid  which 
reddens  litmus.  It  is  the  same  with  tannin  and  pyro¬ 
catechin,  so  that  with  these  substances  the  addition  of 
an  alkaline  borate  is  equivalent  to  the  addition  of  an  acid, 
the  salt  in  this  case  causing  retardation.  But  this  reac¬ 
tion  is  not  produced  with  the  isomers  of  pyrocatechin, 
i.e.,  hydroquinone  and  resorcine.  Neither  is  it  produced 
with  the  ether  developing  agents  now  in  use.  Here  borax 
does  not  give  rise  to  any  acid,  and  adts  merely  by  its 
alkalinity. 

On  the  Affinities  of  Iodine  in  the  Dissolved  State. 
— Henri  Gautier  and  G.  Charpy. — Solutions  of  iodine  in 
different  liquids  present  a  continuous  series  of  colours 
from  violet  to  brown,  and  to  these  different  colours  there 
seem  to  correspond  different  molecular  condensations. 
The  question  arose  if  these  different  conditions  did  not 
introduce  a  modification  in  the  chemical  adtion  of  iodine. 
After  various  trials,  the  authors  have  succeeded  in  finding 
a  readtion  which  shows  a  decided  difference  between  the 
solutions.  On  agitating  pure  mercury  with  any  solution 
of  iodine,  there  is  always  formed  a  green  precipitate  of 
mercurous  iodide ;  but  if  the  mercury  contains  small 
quantities  of  another  metal,  the  iodine  combines  with  this 
latter  in  variable  proportions,  according  to  the  nature  of 
the  solvent.  The  phenomenon  is  particularly  distindt 
with  lead  amalgam,  the  yellow  colour  of  lead  iodide 
enabling  us  to  follow  the  course  of  the  readtion.  A  brown 
solution  of  iodine  (in  alcohol,  ether,  or  acetone),  if  agitated 
with  lead  amalgam  gives  a  yellow  precipitate  of  lead 
iodide  as  long  as  traces  of  this  metal  exist  in  the  mercury, 
When  the  precipitate  takes  a  green  tint,  the  mercury 
which  remains  is  completely  pure.  On  the  contrary,  a 
violet  solution  (in  carbon  disulphide,  chloroform)  gives, 
under  the  same  conditions,  a  green  precipitate  analogous 
to  that  yielded  by  pure  mercury.  On  operating  with  a 
great  number  of  solvents,  we  may  obtain  a  series  of 
colours  ranging  continuously  from  yellow  to  green.  The 
order  in  which  we  arrange  the  solvents  is  the  same  as 
that  obtained  by  classing  them  according  to  the  colour  of 
the  solutions  of  iodine.  It  appears  thus  that  the  violet 
solutions  of  iodine,  which  contain  this  body  in  a  more 
simple  molecular  state,  tend  to  form  mercurous  iodide  at 
first. 

On  the  y-Cyanacetoacetic  Ethers,  and  the  Corres¬ 
ponding  Chloroimidic  Ethers. — A.  Haller  and  A.  Held. 
— This  memoir  does  not  admit  of  useful  abstraction. 

Researches  on  the  Conditions  of  the  Progression 
of  the  Isopropylamines.  Limit  to  the  Progression 
and  Development  of  Propylene. — H.  and  A,  Malbot. — 
It  is  found  that  isopropyl  chloride  deviates  from  iso¬ 
propyl  iodide  and  approximates  the  orthopropylic,  iso- 
butylic,  and  isoamylic  chlorides,  which  furnish  free 
amines.  There  is  this  essential  difference,  that  we  easily 
obtain  triorthopropylamine,  tri  -  isobutylamine,  tri-iso- 
amylamine,  but  we  cannot  go  beyond  di-isopropylamine. 

The  Moulds  of  Copper  and  Bronze.  —  Raphael 
Dubois, — Many  phenomena  formerly  attributed  to  chemi¬ 
cal,  physical,  and  mechanical  agencies  are  now,  thanks 
to  the  more  profound  study  of  the  lower  organisms,  re¬ 
ferred  to  the  domain  of  biology.  Numerous  observations 
have  proved  that  the  lower  beings  may  be  developed  in 
media  formerly  considered  absolutely  unfit  for  any  vital 
manifestation.  The  author  has  recently  observed  in  con¬ 
centrated  solutions  of  copper  sulphate,  neutralised  with 
ammonia,  and  serving  for  the  immersion  of  the  gelatinous 
plates  used  in  photographic  engraving,  whitish  flocks  of 
mycelium,  presenting  great  analogies  with  those  of 
P enicillium  and  Aspergillus.  T'hese  my celia  are  rapidly 
developed  and  frudbfy  in  Raulin’s  liquid,  whilst  in  cupric 
solutions  they  remain  in  the  mycelial  state.  If  we  pour 
upon  a  bronze  coin,  previously  cleaned  with  nitric  acid 
and  well  washed,  a  neutral  solution  of  copper  sulphate 
containing  such  mycelia,  and  place  the  coin  under  a  moist 
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bell,  the  solution  quickly  changes  colour  at  the  points 
where  the  mycelia  are  collected.  When  the  cupric  liquid 
has  completely  evaporated,  the  surface  of  the  coin  is 
scattered  over  with  spots  of  a  charadteristic  malachite 
green  resembling  the  patina  of  the  most  beautiful  antique 
bronze.  To  be  certain  that  the  transformation  of  the 
copper  sulphate  into  malachite  is  due  to  the  vital  adtion 
of  the  mould,  the  author  sterilised  the  bronze  coins  in  an 
autoclave,  as  well  as  a  part  of  the  liquid  containing  the 
mycelia.  The  copper  sulphate  then  underwent  no  altera¬ 
tion,  and  the  green  tint  of  antique  bronze  was  not  pro¬ 
duced  at  all.  These  fadts  show  with  what  energy  living 
beings  can  adt  upon  inorganic  matter,  and  how  important  it 
is  to  take  account  of  their  adtivity,  especially  among  the 
causes  of  alteration  of  metals  and  in  the  formation  of  cer¬ 
tain  mineral  bodies. 

Moniteur  Scientifique ,  Quesneville. 

Series  4,  Voi.  iv.,  Part  1. 

Adtion  of  Mineral  Acids  in  Saccharification  by 
Means  of  Malt,  and  in  the  Fermentation  of  Starchy 
Matters. — Dr.  J.  Effront. — This  bulky  treatise  is  quite 
incapable  of  useful  abstradtion. 

Researches  on  the  Condensation  of  the  Carburetted 
Gases  under  the  Influence  of  the  Elecftric  Effluve. — 
P.  Schutzenberger. — In  this  memoir,  which  is  not  com¬ 
pleted,  the  author  examines  the  condensation  of  carbon 
monoxide  and  the  composition  of  the  supposed  carbon 
suboxide,  C403. 

The  Specific  Gravity  of  Resin  Oils  and  of  Oils  of 
Turpentine. — Adolphe  Renard. — These  oils  are  generally 
sold  with  a  statement  of  their  spec,  gravity  at  +15.  The 
author  determines  the  corredtion  to  be  made  for  higher  or 
lower  temperatures. 

Detedlion  of  Olive  Kernels  in  Pepper. — M.  Pabst. — 
The  author  recommends  for  the  detedlion  of  this  fraud  a 
test  paper  which  has  been  saturated  with  dimethylpara- 
phenylenediamine,  as  proposed  by  Wurster  for  detecting 
mechanical  wood  paste  in  paper,  or  thalline  which  is  used 
in  vegetable  histology  for  colouring  woody  tissues.  The 
paper  is  laid  on  a  watch-glass,  moistened  with  water,  and 
dusted  over  with  the  suspedted  pepper  ;  particles  of  the 
olive  kernels  are  instantly  coloured  red,  whilst  pepper  re¬ 
tains  its  ordinary  colour.  For  preparing  this  reagent,  the 
author  mixes  10  grms.  of  commercial  dimethylaniline 
with  20  grms.  pure  concentrated  hydrochloric  acid.  He 
then  adds  100  grms.  of  powdered  ice,  and  then  by  degrees, 
whilst  stirring,  a  solution  of  7  grms.  sodium  nitiite  in  100 
c.c.  of  water.  The  teadtion  is  let  go  on  for  half  an  hour. 
He  adds,  then,  30  to  40  grms.  of  hydrochloric  acid  and  20 
grms.  of  tin-foil  and  allows  the  redudtion  to  continue  for  an 
hour,  and  then  precipitates  the  tin  by  means  of  granulated 
zinc.  The  liquid  is  decanted  through  a  filter,  then 
neutralised  with  potassium  or  sodium  carbonate  until  a 
permanent  turbidity  is  produced,  which  is  re-dissolved  by 
means  of  a  few  drops  of  acetic  acid.  Ten  grms.  of  con¬ 
centrated  sodium  bisulphite  are  added,  and  the  whole  is 
made  up  to  12  litres  with  water.  The  same  reagent 
shows  the  presence  of  ground  wood,  nut-shells,  &c. 
Thalline  sulphate  dissolved  in  200  parts  of  water  colours 
the  olive  kernels  a  very  fine  orange,  which  is  produced 
more  slowly  than  the  red  of  the  former  test ;  and,  further, 
this  solution  does  not  keep  well. 

Adtion  of  Carbon  Disulphide  upon  certain  Azo- 
Compounds  and  upon  the  Hydrazones. — P.  Jacobson 
and  V.  Schene. —  From  the  Berichte  Deutsch.  Chem. 
Geskell- 

Green  Ultramarine.  •—  Dr.  J.  Szilasi  [Hungarian 
Academy  of  Sciences). — The  author  considers  it  proved 
that  green  ultramarine  is  a  definite  chemical  compound 
having  a  constant  composition.  This  does  not  imply  that 
all  the  green  ultramarines  answer  to  the  same  formula. 
It  is  known  that  there  are  several  blue  ultramarines 
having  different  compositions  ;  some,  e.g.,  poorer  and 


others  richer  in  silica.  Green  ultramarine  may  also  pre¬ 
sent  different  compositions,  which  are  constant  for  each 
kind. 

Researches  on  Narcotine. — W.  Roser.  — From  Lie¬ 
big's  Annalen. 

New  Process  for  Preparing  Phenacetine.  —  J. 

Riedel  ( Archive  der  Pharmacie -  The  author’s  process 
permits  of  the  complete  conversion  of  phenol  into  phen¬ 
acetine.  Paramidophenetol,  under  the  influence  of 
sodium  nitrite  and  hydrochloric  acid,  is  first  transformed 
into  ethoxyparadiazobenzol  chloride.  The  solution  of 
the  latter,  treated  with  phenol  and  an  aqueous  solution 
of  sodium  carbonate,  yields  a  yellow  amorphous  precipi¬ 
tate  of  monoethylated  diparadioxyazobenzene.  This  is 
purified  by  solution  in  a  weak  solution  of  sodium 
carbonate,  from  which  it  is  precipitated  with  dilute  hydro¬ 
chloric  acid.  After  purification  it  is  dissolved  in  alcohol, 
caustic  soda  is  added,  and  then  ethyl  bromide,  and  the 
whole  is  heated  at  150°  under  pressure.  The  group  OH 
of  the  second  phenolic  residue  is  transformed  into  the 
group  OC2H3.  After  having  distilled  off  the  alcohol  and 
removed  the  sodium  bromide  formed  with  cold  water,  it  is 
washed  with  dilute  soda.  The  insoluble  residue,  con¬ 
sisting  of  diparadiethoxyazobenzol,  is  reduced  by  nascent 
hydrogen,  which  splits  it  up  into  two  mols.  of  paramido¬ 
phenetol,  which  when  boiled  with  glacial  acetic  acid 
yields  phenacetine. 

Reaction  of  Sulphonal.  —  H.  Wefers-Beltenk  [Chem. 
Repertorium). — If  1  grm.  of  sulphonal  is  mixed  with  £  grm. 
iron-filings,  and  the  mixture  is  heated  strongly  in  a  test- 
tube,  we  perceive  a  smell  of  garlic.  When  cold,  the  con¬ 
tents  of  the  tube  are  moistened  with  dilute  hydrochloric 
acid,  sulphuretted  hydrogen  is  given  off  and  may  be 
recognised  by  means  of  a  slip  of  lead-paper. 

New  Compounds  obtained  with  the  Alkaloids  of 
the  Cinchonas.— O.  Hesse. — Prof.  Hesse  adds  to  a  hot 
solution  of  the  acid  quinine  sulphate  an  equivalent  quan¬ 
tity  of  phenol.  On  cooling,  there  separates  out  an  oily 
mass,  above  which  there  are  formed  fine  white  needles, 
C2oH24N202.S03.C6H60-f  3H2O.  By  simple  re-crystal¬ 
lisation,  a  basic  salt  is  obtained.  All  the  compounds  ob¬ 
tained  from  the  phenols  and  the  acid  sulphates  of  quinine, 
hydroquinine,  cinchonidine,  and  hydrocinchonidine  behave 
in  the  same  manner. 

Analysis  of  Metallic  Tungsten,  of  Ferro-Tungstens, 
and  Tungsten-Steels  ;  Fer;o-Chromes  and  Chrome- 
Steels  ;  with  New  Methods  for  Opening  up  these 
Metals. — Alfred  Ziegler  [Dingler's  Journal). — The  bulk 
of  this  paper  will  be  inserted  at  the  first  opportunity. 

Industrial  Analysis  of  Wolframite. —  B.  Setlik 
[Chemiker  Zeitung). — The  substance  of  this  paper  has 
been  already  inserted. 

Observations  on  the  Determination  of  Phosphoric 
Acid  in  Thomas  Slags,  and  on  certain  Varieties  of 
Tetrahydrated  Ferric  Phosphates. — G.  Arth. — Already 
inserted. 


Z eitschrift  fur  Analytisclie  Chemie. 

Vol.  xxix.,  No.  2. 

On  a  New  Catalytic  Phenomenon  and  on  the 
Dimorphism  of  Baryta.  — Dr.  G.  Brugelmann. — If  BaO 
is  prepared  from  the  hydrate  in  vessels  of  clay  or  of 
graphite,  the  oxide  is  left  in  needles,  probably  hexagonal, 
of  the  specific  gravity  5‘32.  If  BaO  is  obtained  from  the 
hydrate,  but  in  a  platinum  vessel,  the  resulting  oxide  is 
regular  and  has  the  specific  gravity  5'74,  apparently  in 
consequence  of  the  catalytic  adtion  of  the  metal.  BaO 
is  obtained  by  the  ignition  of  the  nitrate  in  regular  cubes 
of  specific  gravity  5’72.  Hence  the  oxide  is  dimorphous. 
The  assumption  that  pure  BaO  is  of  a  greyish-white  does 
not  agree  with  fadts.  The  author  has  obtained  it  in  a 
state  of  purity  absolutely  white, 
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Contributions  to  the  Characteristics  of  the  Alkaline 
Earths  and  of  Zinc  Oxide.— Dr.  G,  Briigelmann.— This 
paper  will  be  inserted  in  full. 

On  the  Detection  of  Small  Quantities  of  Arsenic 
with  the  Aid  of  the  Induction  Spark-Current.— Nix 
von  Klobulow. — This  paper  requires  the  three  accompany¬ 
ing  illustrations. 

The  Distinction  of  the  Jute  Fibre  from  Flax  and 
Hemp. — Dr.  W.  Lenz. — The  recognition  of  the  jute  fibre 
by  means  of  its  known  morphological  characteristics, 
(especially  the  unequal  thickening  of  the  single  bast 
fibres)  is  not  difficult,  but  it  requires  practice  and  close 
attention.  On  the  contrary,  the  different  behaviour  of  the 
above-named  fibres  in  polarised  light  presents  distinctions 
which  are  more  readily  perceptible.  For  executing  such 
an  examination  the  author  heats  the  threads  of  the  tissue 
in  question  according  to  Schulze’s  well-known  macreation 
process  with  officinal  nitric  acid  (?),  with  the  addition 
of  a  trace  of  potassium  chlorate,  washes  with  water,  heats 
with  water  containing  potassa  to  supersaturate  any  acid 
remaining  in  the  fibre,  decants  off  the  alkaline  solution, 
and  shakes  up  the  residual  fibres  strongly  with  pure  water. 
The  fibres  are  distributed  very  uniformly  in  the  water,  and 
in  this  state  they  are  placed  upon  a  microscope  slide.  The 
liquid  accompanying  them  is  let  carefully  to  evaporate  in 
a  horizontal  position,  a  drop  of  glycerin  is  added,  a 
covering-glass  is  put  on,  and  the  objedt  is  examined  after 
the  glycerin  has  thoroughly  penetrated  the  fibre.  The 
fibre  thus  prepared  not  merely  shows  the  characteristic 
thickenings  of  the  sides,  but  is  suitable  for  examination 
in  polarised  light.  If  the  fibres  are  placed  under  the 
microscope  with  crossed  nicols  (dark  field; ,  almost  every 
fibre  of  flax  or  hemp  shows  an  exceedingly  splendid  play 
of  colour.  The  jute  fibres,  on  the  contrary,  appear  more 
self-coloured— bluish  and  yellowish— and  but  few  fibres 
show  colours  like  those  of  hemp,  but  much  less  splendid. 
It  is  essential  that  the  several  fibres  must  be  really  sepa¬ 
rate  from  each  other.  If  they  lie  over  or  close  alongside 
each  other,  bright  colours  will  appear  at  the  points  of 
contract  even  in  the  case  of  jute. 

Determinations  of  Starch  Granules  in  Corn.— 
Z.  von  Milkowski. — (See  p.  ). 

Chemical  Examination  of  Combustion  Gases. — 
Dr.  Otto  Schmidt.— The  authors  apparatus  cannot  be 
intelligibly  described  without  the  accompanying  figure. 

Determination  of  Sulphur  in  Iron.— L.  Blum.  The 
author  points  out  two  objections  to  the  process  commu¬ 
nicated  by  Marcel  Lucien  (Chemikev  Zeitung ,  xii.,  p.  4^7)- 

An  Impurity  in  Commercial  Barium  Chloride. — 
L.  Blum.— A  sample  obtained  by  the  author  reduced 
permanganate  strongly  containing  apparently  traces  of 
barium  peroxide  or  of  hydrogen  peroxide  ;  impurities 
which  falsify  the  results  in  determining  manganesfe  in 
presence  of  iron  by  the  Volhard-Meinecke  method.  In 
examining  a  sample  of  barium  chloride  it  will  be  prudent 
to  ascertain  its  indifference  to  solution  of  peimanganate. 

Simple  and  Rapid  Development  of  Pure  Gases. — 
H.  Borntrage. — The  author  uses  a  mixture  of  acid  sodium 
sulphate  with  the  acid  or  neutral  salts  containing  the 
corresponding  acid.  If  it  is  desired  to  obtain  the  gas  as 
dry  as  possible  without  a  desiccating  tube,  &c.,  the  author 
uses  a  carbonic  acid  apparatus,  fills  the  globe  usually 
containing  marble  with  solid  sodium  disulphate  in  frag¬ 
ments,  places  the  corresponding  salt  in  the  lowest  vessel 
of  the  apparatus,  and  after  making  the  connections 
moistens  the  sodium  disulphate  with  water.  The  gas 
liberated  is  dried  by  contact  with  the  sodium  disulphate. 
The  process  is  used  in  chemico-legal  investigation. 

Cutting  Thick  Glass  Tubing  — Dr.  F.  Muck.— The 
author  calls  attention  to  an  instrument,  which  is  here 
figured. 

Oil  of  Turpentine  for  “  Denaturising  ”  Alcoholic 
Liquors. —  Dr.  E.  Meissl. — The  Neustaat  oil  from  Vienna 
is  recommended,  as  it  has  the  specific  gravity  o-86i 


0-865.  The  Russian,  French,  and  American  oils  are  much 
too  heavy. 

The  Separation  of  Barium  from  Strontium. — Prof. 
R.  Fresenius.— This  memoir  will  be  inserted  at  the 
earliest  opportunity. 

Tne  Removal  of  Melts  from  Platinum  Crucibles.— 

L.  L.  de  Koninck. — Already  inserted. 

The  Obviation  of  Weighed  Filters  in  Weighing 
Precipitates  which  have  not  been  Ignited. — L.  L.  de 
Koninck.— Tne  author  has  extended  the  method  first  pro¬ 
posed  by  Professor  R.  Fresenius  for  determining  potassium 
as  double  platinum-potassium  chloride.  He  considers  the 
process  with  especial  reference  to  the  determination  of 
ammonium,  arsenic,  phosphorus,  and  magnesium,  as  well 
as  zme  and  cadmium.  In  determining  ammonium  as 
double  platinum  chloride  the  diredtions  of  Fresenius  are 
to  be  exadly  followed  ( Zeitschrift ,  vol.  xv.,  p.  224,  and 
vol.  xvi.,  p.  63),  i.e.,  the  chief  portion  of  the  precipitate  is 
to  be  removed  from  the  filter,  and  the  latter  is  to  be 
replaced  in  the  funnel.  The  residue  is  dissolved  in  hot 
water,  the  solution  evaporated  in  a  weighed  platinum 
capsule,  dried,  and  weighed  after  adding  the  bulk  of  the 
precipitate.  The  determination  of  arsenic  as  magnesium 
pyroarseniate  can  be  effedted  by  separating  the  ammonium 
magnesium  arseniate  from  the  filter,  and  placing  it  in  a 
weighed  crucible.  Tiie  residue  adhering  to  the  filter  is 
dissolved  in  a  little  dilute  nitric  acid,  washed  out  with  a 
minimum  of  water,  and  this  liquid  evaporated  down  in 
the  crucible,  which  is  then  gradually  heated  to  redness. 
In  this  manner,  magnesium  pyroarseniate  is  obtained 
snow-white,  as  the  redudtion  of  the  arsenic  acid  is  pre¬ 
vented  by  the  ammonium  nitrate.  In  a  similar  manner 
the  precipitate  of  ammonium-magnesium  phosphate  may 
be  treated  in  determining  phosphorus  or  magnesium,  and 
is  always  obtained  white  at  once.  The  author  is  of 
opinion  that  the  frequent  blackening  of  magnesium  pyro¬ 
phosphate  is  due  not  to  particles  of  carbon  derived  from 
the  filter,  but  to  organic  bases  present  in  commercial 
ammonia  and  in  its  salts.  In  determining  cadmium  and 
zinc  by  igniting  the  carbonates,  Koninck  separates  the 
precipitate  from  the  filter,  extra&s  the  latter  with  a  few 
drops  of  nitric  acid,  washes  out  with  water,  evaporates 
down  the  solution  in  the  crucible,  and  then  adds  the  pre¬ 
cipitate  and  ignites. 

Quantitative  Separation  of  Arsenic  and  Antimony. 
— O.  Koehler. — H.  Rose,  in  his  Handbuch  der  Analyt. 
Chemie  (6.I1  edition,  ii.,  p.  423),  mentions  a  separation  of 
antimony  from  arsenic  by  converting  both  into  sulphides 
by  precipitation  with  sulphuretted  hydrogen,  and  treating 
the  sulphides  with  strong  hydrochloric  acid,  when 
antimony  trisulphide  is  dissolved  whilst  arsenic  trisulphide 
remains  undissolved.  Rose  mentions  that  the  separation 
is  not  quantitative,  as  a  little  of  the  arsenic  trisulphide 
passes  into  solution  along  with  the  corresponding  anti¬ 
mony  compound.  O.  Koehler  (Arcliiv.  d.  Pliarmacie) 
confirms  Rose’s  statements,  but  finds  that  a  quantitative 
separation  may  be  effeded  as  follows :— 20  c.c.  of  solution  of 
antimony  trichloride  were  mixed  with  45  c.c.  concentrated 
hydrochloric  acid,  and  5  c.c.  of  a  solution  of  arsenious 
acid.  The  mixture  was  then  heated  almost  to  boiling, 
and  sulphuretted  hydrogen  was  passed  in  until  its  smell 
ptedominated  after  shaking.  The  arsenic  trisulphide, 
clotted  together  in  small  pallets,  was  then  filtered  through 
a  filter  moistened  with  hydrochloric  acid  and  washed  with 
dilute  hydrochloric  acid  (1:3).  The  precipitate,  after 
the  removal  of  the  antimony,  was  oxidised  with  bromine- 
water,  filtered  off  from  residue,  well  washed  with  ammonia, 
and  mixed  with  ammonia  untii  it  was  decolourised.  The 
arsenic  was  finally  determined  as  ammonium  magnesium 
arseniate. 

The  Use  of  Calcium  Saccharate  in  place  of 
Fotassa  for  Absorbing  Carbonic  Acid. —  Boner. — 
(1 Chemiker  Zeitung).  The  saccharate  has  the  defedls  of 
frothing  strongly,  and  obstructing  the  narrow  parts  cf  the 
absorption  apparatus. 
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On  Drying  the  Hydracids  with  Phosphoric  Anhy¬ 
dride. — G.  H.  Bailly  and  G.  J.  Fowler. — From  the 
Journal  of  the  Chemical  Society. 

Determination  of  Carbon  in  Graphite. — J.  Widmer. 
— According  to  Cross  and  Bevan  the  carbon  of  cellulose 
and  other  organic  matter  is  not  completely  oxidised  to 
carbon  dioxide  by  the  treatment  with  chromic  and  sul¬ 
phuric  acids  proposed  by  Rogers  and  Brunner,  but  is  in 
part  converted  only  into  carbon  monoxide.  The  author 
finds  that  this  objection  is  not  unfounded.  If  an  acid  is 
used  made  up  of  2  parts  by  volume  of  sulphuric  acid,  and 
1  part  water,  by  weight,  there  was  obtained  only  8g'i8  per 
cent  carbon  instead  of  94-06.  Even  with  the  most  con¬ 
centrated  sulphuric  acid  carbon  monoxide  is  still  formed. 

Glass  for  Drying  and  Weighing  Filters. — C.  Rein¬ 
hardt  (Zeitschrifie  Angewandte  Chemie). — This  note  is 
useless  without  the  accompanying  figure. 

Arrangement  for  Drawing  off  Vapours.  —  Cl. 
Winckler  ( Berichte  Dcntsch.  Chem.  Gesell.).  —  Requires 
the  three  accompanying  figures. 

Apparatus  for  Fracftionated  Distillation  under 
reduced  Pressure. — A  number  of  devices  taken  from 
the  Berichte,  the  Chemiker  Zeitung,  the  Journal  of  the 
Chemical  Society,  and  the  American  Chemical  Journal, 
and  accompanied  by  figures. 

Several  Laboratory  Apparatus. —  P.  N.  Raikow 
( Chemiker  Zeitung). — These  comprise  (1)  an  apparatus 
for  filtering  liquids  and  washing  precipitates  in  vacuo,  or 
in  a  specific  atmosphere.  E.  Loew  ( Chemiker  Zeitung ) 
proposes  an  apparatus  for  the  same  purpose.  (2)  An 
arrangement  for  rapid  filtration,  especially  for  amorphous 
precipitates.  (3)  A  syphon  for  the  continuous  removal  of 
an  upper  stratum  of  liquid. 

An  Acid-proof  Exsiccator.- — E.  von  Boyen  ( Chemiker 
Zeitung). — Tne  author  uses  a  cylindrical  vaseline  bath 
into  which  is  introduced  from  above  a  support  for  the 
objedts  to  be  dried  along  with  the  cover. 

An  Apparatus  for  Determining  the  Specific  Gravity 
of  Platinum  at  100°. — L.  Weinstein  ( Chemiker  Zeitung). 
— For  an  account  of  the  arrangment  we  must  refer  to  the 
original. 

Safety  Arrangements  to  Prevent  Gas-Flames  from 
Striking  Back.  —  G.  Spitz  and  P.  N.  Raikow  (Chemiker 
Zeitung). 

Titration  of  Hot  Liquids. — L.  L.  de  Koninck  (Zeit.  j 
Angewandte  Chemie).-— The  author  uses  an  exit  tube  of  j 

the  shape  I - 1  so  that  the  burette  is  r.ot  over,  but  at  one 

side,  of  the  hot  liquid.  This  obviates  the  heating  and  J 
expansion  of  the  standard  solution  and  the  clouding  o. 
the  burette. 

Apparatus  for  Titration. — Modified  burettes  have 
been  proposed  by  O.  Knofler  ( Chemiker  Zeitung),  V. 
Holbling  ( Zeitschrift ),  Opperrnann  ( Chemische  Industrie). 

Burette  Float. — N .Wolff (Chemiker Zeitung)  proposes 
small  discs  of  paraffin  of  slightly  less  diameter  than  the 
burette  and  about  2  m.m.  in  thickness.  A  layer  of 
paraffin  of  the  required  thickness  is  made  by  melting  in 
hot  water.  When  the  cake  is  nearly  cold  it  is  laid  upon 
paste  board  and  discs  of  the  proper  diameter  are  cut  out 
with  the  cork-borers. 

Polar  Contacts  in  Eudiometers. — C.  E.  Munroe 
(from  the  Journal  of  Analytical  Chemistry). 

Development  of  Chlorine  for  Analytical  Purposes. 
—  L.  L.  de  Koninck  (Zeit.  Angew.  Chemie). — -The  author 
recommends  the  adtion  of  gaseous  hydrochloric  acid  upon 
granulated  pyrolusite.  The  latter  is  placed  in  a  cylinder, 
through  which  a  current  of  hydrochloric  acid  streams,  and 
the  gas  given  off  is  then  passed  through  a  layer  of  calcium 
chloride  and  a  sulphuric  acid  washing-bottle.  1 

The  Use  of  Normal  Ammonia. — R.  Rempel  (Zeit. 
Angew.  Chemie). — The  author  recommends  that  ammo- 
niacal  solutions  for  volumetry  should  never  be  stronger 


than  semi-normal.  The  ammoniacal  solution  should  be 
let  drop  from  a  burette  into  the  acid  contained  in  a  suit¬ 
able  flask.  The  ammoniacal  liquid  should  be  well  shaken 
up  before  use.  It  should  be  kept  in  well-stoppered  bottles 
and  should  be  introduced  into  the  burette  without  the  use 
of  long  flexible  tubes.  If  these  regulations  are  carefully 
followed  the  semi-normal  ammoniacal  solutions  will  be 
found  equal  in  accuracy  to  potassa  and  soda-lyes, ^and  at 
the  same  time  easier  to  prepare  and  manage. 

On  Sodium  Carbonate.— R.  Kissling.— The  author 
has  studied  the  behaviour  of  sodium  carbonate  when 
heated.  From  these  experiments  it  appears  that  all  the 
“  semi-combined  ”  carbonic  acid  is  expelled  at  120 — 130°. 
At  400°  the  residue  loses  some  carbonic  acid,  and  on 
fusion  there  is  a  decided  formation  of  sodium  oxide. 
Hence  it  is  recommended  that  sodium  carbonate  to  be 
used  for  standardising  acids  should  not  be  heated'over  a 
diredt  flame,  but  should  be  kept  for  some  time' in  the 
drying-closet  at  150°.  Kissling  has  also  examined 
Dobbin’s  process  for  deteding  caustic  soda  in  presence 
of  sodium  carbonate.  Dobbin  has  shown  that  mercuric 
potassium  iodide  gives  the  well-known  yellow  colour  only- 
in  presence  of  caustic  alkali,  whilst  an  alkaline  carbonate 
has  no  e  fifed!.  This  readtion  can  be  used  for  the  quantita¬ 
tive  determination  of  caustic  soda  in  presence  of  sodium 
carbonate  by  comparing  the  intensity  of  the  colour  with 
known  standards.  Kissling  states  that  a  quantitative 
determination  of  caustic  alkali  may  also  be  basedjupon 
the  fadt  that  a  mercuric  potassium  iodide  solution  mixed 
with  ammonium  chloride  gives  a  permanent  precipitate 
only  if  there  is  present  a  quantity  of  caustic  alkali  equiva¬ 
lent  to  the  ammonium  chloride. 

Preparing  the  Iron  Solution  for  Standardising 

Permanganate.— R.  Jahoda  (Zeit.  Angew.  Chemie).— A 
modification  of  the  process  of  R.  Fresenius.  The  flask 
for  dissolving  the  iron,  after  receiving  iron,  a  granule  of 
sodium  bicarbonate,  and  the  necessary  acid,  is  closed  with 
a  stopper  which  admits  a  glass  tube  bent  twice  at  a  right 
angle.  The  other  end  of  the  tube  dips  into  a  solution  of 
sodium  bicarbonate.  When  the  solution  cools  at  the  end 
of  the  process  a  little  of  the  bicarbonate  solution  is  sucked 
back,  and  on  coming  in  contadt  with  the  acid  it  evolves 
carbonic  acid  and  prevents  any  further  re-flux. 


NOTES  AND  QUERIES. 

+  *  Our  Notes  and  Queries  column  was  opened  for  the  purpose  of 
giving  and  obtaining  information  likely  to  be  of  use  to  our  readers 
generally.  We  cannot  undertake  to  let  this  column  be  the  means 
of  transmitting  merely  private  information,  or  such  trade  notices 
as  should  legitimately  come  in  the  advertisement  columns. 

Liquorice. — Can  anyone  inform  the  writer  where  he  can  obtain 
any  information  on  the  adulterants  and  analysis  of  liquorice,  or  pre¬ 
parations  of  liquorice  ? — B.  S.  Rowntree. 

Artificial  Musk.— I  shall  be  greatly  obliged  to  any  of  your  rca  ers 
who  can  inform  me,  through  your  columns,  where  I  can  obtain  a 
sample  of  the  artificial  musk  which  is  reported  in  the  Chemical 
News  (vol.  lxii  .  p.  249)  to  have  been  discovered  by  A.  Baur,  and  the 
patent  of  which  has  been  sold  to  certain  perfumers  at  Mulhouse.— M. 


MEETINGS  FOR  THE  WEEK. 

Monday,  Dec.  1st.— Society  of  Chemical  Industry,  8.  “The  Elec¬ 
trical  Treatment  of  Sewage,”  Mr.  W.  Webster. 

- - -  Royal  Institution,  5.  General  Monthly  Meeting. 

- - -  Society  of  Arts,  8  (Cantor  Ledlures).  “  Gaseous 

Illuminants,”  by  Prof.  Vivian  B.  Lewes. 

-  Medical,  8.30, 

Tuesday,  2nd. — Institute  of  Civil  Engineers,  8. 

- -  Pathological,  8.30. 

Wednesday,  3rd. — Society  of  Arts,  8.  “The  Chicago  Exhibition, 
1893,”  by  James  Dredge,  Member  of  Council. 
Thursday,  4lh,  — Chemical,  8.  Ballot  for  the  Election  of  Fellows. 

“  On  the  Volumetric  Estimation  of  Tellurium,” 
by  Dr.  Brauner. 

Friday,  5th.— Geologists’  Association,  8. 


Erratum.— P,  259,  col.  2,  line  19,  for  “  square  ”  read  “  square  roots.” 
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ON  THE  LAW  OF  DIFFUSION  OF  LIQUIDS 

By  H.  M.  VERNON. 


ability  some  combination  takes  place  between  the  mole¬ 
cules  of  salt  and  the  molecules  of  water.  It  is  probable, 
however,  that  the  modifying  a&ion  thus  introduced  is  not 
very  great. 

We  must  now  examine  Graham’s  results  and  see  if 
'they  bear  out  our  theoretical  deductions.  The  values 
yen  are  all  for  1  per  cent  solutions.  Determinations 
:  were  made  in  most  cases  for  2,  4,  and  8  per  cent  solutions, 
it  appeared  that  the  values  for  more  concentrated 
utions  were  not  so  regular  as  for  dilute  solutions,  but 
ere  affedted  by  internal  molecular  forces  just  as  gases  at 
pressures  considerably  removed  from  that  of  their  conden- 
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Though  Graham  (Phil.  Trans  ,  1850,  x  and  805)  made  a  sation  obey  Mariotte’s  law  more  exactly  than  at  pressures 


very  large  number  of  careful  and  exaCt  experiments  on 
the  diffusion  of  aqueous  solutions  of  various  salts  for 
various  periods  of  time,  at  different  temperatures  and  at 
varying  concentrations,  yet  no  general  law  as  to  the 
relations  between  the  salts  and  the  amounts  of  them 
diffused  under  similar  conditions  as  to  time,  temperature, 
and  concentration,  was  shown  to  exist.  Graham  found 
that  several  series  of  isomorphous  salts  diffused  at 
approximately  equal  rates,  and  he  endeavoured  to  show 
that  the  rates  of  diffusion  of  several  of  the  different 
groups  were  to  one  another  as  the  square  roots  of  simple 
numbers,  such  as  V2  to  V3,  for  he  argued  that,  as  with 
gases  the  rate  of  diffusion  varied  inversely  as  the  square 
roots  of  their  densities,  some  similar  kind  of  relation 
should  also  obtain  for  the  diffusion  of  liquids.  Though 
the  experimental  results  correspond  in  a  few  instances 
with  numbers  obtained  empirically  as  above,  yet  it  was 
probably  due  to  chance,  as  there  is  no  apparent  reason 
why  such  in  reality  complex  relations  should  exist.  The 
objeCt  of  this  paper  is  to  show  that  in  all  probability  there 
exists  a  general  law  for  the  diffusion  of  aqueous  solutions 
of  salts. 

From  the  kinetic  theory  of  molecular  motion,  it  follows 
that  solutions  of  the  same  density  should  have  equal  rates 
of  diffusion,  supposing  no  combination  takes  place  between 
the  solvent  and  the  body  dissolved  in  it.  In  a  series  of 
salts  arranged  regularly  according  to  the  densities  of  their 
solutions,  we  should  therefore  expeCt  that  the  amounts  of 
salts  diffused  varied  regularly  from  one  end  of  the  series 
to  the  other. 

Graham  considers  in  his  experiments  it  is  a  remarkable 
faCt  that  the  quantities  of  various  isomorphous  salts 
diffused  should  be  equal,  and  should  not  be  to  one  an¬ 
other  in  proportion  to  their  molecular  weight.  There  is 
really  nothing  remarkable  in  the  faCt,  as  it  must  be 
remembered  that  equal  and  not  molecular  weights  of  the 
salts  were  taken  in  the  first  case,  and  that  the  solutions 
therefore  contained  varying  numbers  of  molecules,  just 
as  the  amounts  of  salts  diffused  if  expressed  in  molecular 
weights  would  be  variable.  In  all  the  instances  tried  in 
moderately  dilute  solutions,  Graham  has  shown  that  the 
amount  of  substance  diffused  is  direCtly  proportional  to 
the  concentration  of  the  solution,  so  therefore  the  rule  he 
gives  that  several  groups  of  isomorphous  salts  diffuse  in 
equal  quantities,  may  be  better  expressed  by  saying  that 
equal  members  of  molecules  of  the  salts  of  several  groups 
of  isomorphous  bodies  diffuse  in  the  same  time. 

In  Graham’s  experiments,  the  limes  during  which 
diffusion  took  place  were  arranged  so  as  to  give  as  nearly 
as  possible  equal  amounts  of  diffusate  in  all  cases,  he 
then  endeavouring  to  find  numerical  relations  between 
the  times  thus  obtained.  As,  however,  it  was  also  found 
that  the  amount  of  salt  diffused  was  proportional  to  the 
time  of  diffusion,  it  is  possible  to  calculate  all  his  results 
to  a  constant  time.  In  his  experiments  the  times  varied 
from  4-04  days  to  16-16  days.  In  the  tables  given  below 
all  the  results  are  calculated  out  to  a  constant  period  of 
eight  days. 

Though  the  amount  of  any  salt  diffused  should  depend 
solely  upon  the  density  of  the  solution  and  the  molecular 
weight  of  the  salt,  supposing  no  combination  between  it 
and  the  liquid  took  place,  yet  we  could  not  expedt  such  a 
relation  to  hold  with  water  for  a  solvent,  as  in  all  prob- 


near  to  it. 

In  the  following  table  all  the  diffusions  were  performed 
at  a  temperature  of  about  160  C.  The  rate  of  diffusion 
greatly  increases  with  increase  of  temperature,  but  as  the 
rate  of  increase  is  not  known  in  most  cases,  the  values 
have  not  been  calculated  to  a  constant  temperature,  but 
have  been  left  unaltered. 

Diffused  from 

Substance. 

Ammonium  bicarbonate 
Potassium  chloride 
Sodium  chloride  . . 

Potassium  bromide 
Potassium  thiosulphate 
Potassium  chromate 
Sodium  bromide  . . 

Sodium  iodide  .. 

Potassium  sulphate 
Sodium  thiosulphate 
Potassium  sulphite 
Sodium  sulphate 
Sodium  chromate 
Potassium  carbonate 
Sodium  sulphite. . 

Magnesium  sulphate 
Sodium  carbonate 
Aluminium  sulphate 
Zinc  sulphate 

In  this  table  the  salts  are  arranged  in  order  of  the 
densities  of  their  solutions.  We  see  that  the  diffusion 
values  decrease  more  or  less  regularly  with  increase  of 
density  of  the  solutions.  There  are,  however,  several 
marked  exceptions.  Graham  found  that  if  two  salts  were 
allowed  to  diffuse,  the  amount  diffused  was  not  so  great 
as  if  each  salt  had  been  allowed  to  diffuse  in  a  separate 
solution,  but  that  each  salt  to  a  certain  extent  retarded 
the  diffusion  of  the  other.  In  this  table  the  value  for 
ammonium  bicarbonate  is  less  than  the  normal,  and  so 
probably  the  molecules  of  this  salt  when  in  solution  have 
undergone  dissociation.  Ibis  view  is  strengthened  in 


Tempera¬ 

Density. 

1  p.c.  solu- 

ture. 

tionin  8  days. 

20-I°C 

i'0049 

6-84 

167 

100697 

9-37 

I7-4 

1-0076 

7-18 

I5'4 

1-0077 

877 

I5-3 

1-0078 

6-14 

I5-5 

1-0078 

6-14 

I5’4 

1-008 

6-85 

15 ’4 

1-0081 

6-97 

I5'7 

1-00839 

6-og 

15*4 

1-0084 

473 

I5'3 

1-0084 

561 

i5-5 

1-0094 

5'01 

I5'5 

1-00953 

5'°4 

176 

1  00957 

6-09 

I5-3 

1-0106 

479 

18-5 

1-0108 

3^7 

i7'4 

I  'OI 12 

4-88 

18-5 

1-0116 

2-70 

18-5 

1-0183 

330 

Diffused  from 


Substance. 

Tempera¬ 

ture. 

Density,  r  p.c.  solu¬ 
tion  in  8  days 

Ammonium  chloride  .. 

117  c 

1-0036 

8-38 

Hydrogen  sulphate  .. 

98 

1-0065 

6 -95 

Sodium  nitrate  .. 

11 7 

I  "0070 

6-30 

Magnesium  nitrate  .. 

10-4 

I-0073 

4‘54 

Potassium  iodide 

119 

i-oo25 

7-87 

Copper  nitrate  . . 

10-4 

1-0075 

4‘5° 

Strontium  nitrate 

io-8 

1-0077 

475 

Magnesium  chloride  .. 

10-3 

1  0077 

4'3i 

Calcium  nitrate  . . 

io-8 

1-0081 

4-48 

Barium  nitrate  . . 

io-8 

1  -0083 

47 1 

Manganese  chloride  .. 

10-4 

1-0085 

472 

Silver  nitrate 

io-8 

1  0089 

6-31 

Calcium  chloride 

10-5 

1-0090 

4'55 

Zinc  chloride 

10-5 

i-oogx 

4'4° 

Copper  chloride  . . 

10-3 

1-0093 

4-24 

Barium  chloride, ,  , , 

10-5 

1-0095 

5-25 
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that  this  salt  is  known  to  be  exceeedingly  unstable.  The 
same  also  applies  to  the  salts  potassium  and  sodium  thio¬ 
sulphate,  which  also  show  abnormally  low  values.  As 
we  continue  down  the  table  there  appear  no  other  very 
great  irregularities  till  we  get  to  aluminium  sulphate,  the 
low  value  of  which  also  seems  to  indicate  partial  dissocia¬ 
tion  when  in  solution. 

In  this  table  the  diffusions  were  performed  at  a  tem¬ 
perature  of  about  io°  C.  It  will  be  noticed  that  the 
diffusion  values  are  not  so  regular  as  before,  and  also 
that  they  do  not  exhibit  much  decrease  as  the  density  of 
the  solutions  increase.  This  is  partly  accounted  for  by 
the  fadt  that  the  densities  themselves  do  not  exhibit  so 
much  variation,  they  varying  from  i'0036 — I’oogj,  while 
in  the  previous  table  they  varied  from  roo4g — i-oig3. 

The  most  marked  exceptions  in  this  table  are  mag¬ 
nesium  nitrate  with  a  value  below  the  normal,  and 
potassium  iodide,  silver  nitrate,  and  barium  chloride,  the 
values  of  which  are  considerably  above  the  average. 
Why  these  salts  should  have  such  high  values  it  is 
impossible  to  say;  it  may  be  that  some  errors  have  been 
committed  in  the  determinations  of  the  densities  of  their 
solutions. 

From  the  above  diffusion  experiments  we  see  that 
several  of  the  salts  in  solution  have  undergone  partial 
dissociation.  If,  however,  diffusion  values  had  been 
taken  at  higher  temperatures,  we  should  expedt  the 
dissociation  to  be  still  greater,  and  so  more  marked 
deviations  from  the  normal  values  would  be  obtained. 
Graham  has  determined  the  diffusion  values  for  several 
salts  at  two  different  temperatures.  The  mean  rates  of 
increase  of  diffusion  for  each  degree  from  about  ior  C.  to 
160  C.  are  here  given — 

Barium  nitrate  . .  0-140  Hydrochloric  acid  . .  0-311 


Calcium  chloride  0-196  Sulphuric  acid .  0-367 

Sodium  nitrate  ..  0-268  Silver  nitrate  .  0-410 


As  in  most  cases  the  density  increases  regularly  with 
increase  of  temperature,  so  we  should  expect  the  increased 
rates  of  diffusion  to  be  much  more  similar  than  we  find 
them  here  ;  hence  these  results  strengthen  the  supposition 
of  dissociation  taking  place.  It  might  be  said  that  if 
dissociation  did  take  place,  then  one  product  would  diffuse 
more  rapidly  than  the  other,  and  so  the  diffusate  would 
contain  some  free  acid,  acids  being  known  to  diffuse  faster 
than  bases.  It  is  possible  that  such  was  the  case,  but  as 
Graham  estimated  the  diffused  salts  by  evaporating  the 
solutions  to  dryness  and  weighing,  the  free  acids  would 
volatilise  and  so  would  not  appear  in  the  result.  If 
extremely  dilute  solutions  were  used,  the  method  of 
diffusion  might  be  considered  to  afford  a  very  good  proof 
as  to  whether  all  salts  in  solution  undergo  dissociation, 
as  has  been  recently  affirmed  by  Van ’t  Hoff  fiom  theo¬ 
retical  deductions. 

In  the  above  tables  the  diffusion  values  for  HC1,  HN03, 
NaOH,  and  KOH  have  been  left  out.  They  wete  very 
much  greater  than  the  normal,  and  appeared  to  follow 
some  quite  different  rule  than  the  rest  of  the  substances 
exoerimented  on. 

We  may  therefore  conclude  that  Graham’s  experiments 
show  that  solutions  of  the  same  density  have  equal  rates 
of  diffusion,  or  that  with  solutions  of  varying  density 
the  rate  of  diffusion  decreases  regularly  with  increase  in 
the  density  of  the  solutions.  If  the  diffusion  of  salts  in 
solutions  be  looked  upon  as  quite  analogous  to  the 
diffusion  of  gases,  it  is  difficult  to  understand  why  the 
densities  of  the  salt  solutions  should  have  any  effedt  at 
all  on  the  diffusion  values.  It  is  therefore  probable  that 
the  cases  are  not  strictly  analogous,  but  that  in  liquid 
diffusion  the  molecules  move  in  much  larger  masses  or 
f-ggre8at'onsi  and  so  the  adtual  question  of  mass  comes 
in.  In  fadt,  we  may  consider  the  diffusion  of  salt  solu¬ 
tions  to  be  more  analogous  to  the  diffusion  of  gases  at 
temperatuies  and  pressures  near  to  their  condensation 
points  than  to  the  diffusion  of  “perfeft”  gases. 
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THE  DRY  ASSAY  OF  TIN  ORES.* 

Part  II. 

By  HEINRICH  O.  HOFFMANN, 

Assistant  Professor  of  Mining  and  Metallurgy. 

(Continued  from  p.  271). 

5.  Iron  Assays. — Two  sets  of  assays  were  made,  the 
one  recommended  by  Ricketts,  +  for  tin  ores  containing 
silica  only,  the  other  by  Mitchell, J  for  ores  containing 
silica,  and  for  tin  slags. 

The  method  is  based  on  the  fa  (ft  discovered  by  Berthier,§ 
and  already  alluded  to,  namely,  that  iron  completely  pre¬ 
cipitates  tin  from  its  combination  with  silica  as  metal,  if 
added  in  sufficient  quantity  ;  if  not,  the  stannic  oxide  is 
reduced  only  to  stannous  oxide,  the  iron  itself  being  at 
the  same  time  oxidised  to  ferrous  oxide.  Any  excess  of 
iron  will  a'loy  with  the  resulting  metallic  tin. 

(1.)  Ricketts  gives  the  formula Ore,  10  grms. ; 
haematite,  3  to  8  grms. ;  potassium  cyanide,  40  grms.  ;  and 
says: — “Mix  and  charge  in  a  charcoal-lined  crucible, 
cover  with  cyanide,  and  then  with  charcoal,  lute  and  heat 
strongly  from  one  half  to  one  hour,  remove,  tap  carefully, 
cool,  and  break.  If  the  tin  be  in  small  buttons,  collect  by 
washing  with  water  to  separate  the  charcoal,  dry,  and 
weigh.  Treat  the  button  as  an  alloy  of  tin  and  iron.”. 

The  result  of  the  experiment  was  a  porous,  greyish- 
black  slag,  through  which  small  buttons  of  alloy  were 
finely  disseminated,  and  in  the  bottom  of  the  crucible  a 
button.  Button  and  larger  prills  were  picked  out,  the 
crucible  lining  crushed,  the  pulp  screened,  the  scales  and 
the  siftings  obtained  from  panning  the  pulp  weighed  with 
button  and  larger  prills.  The  weights  of  the  alloys  were 
8-355  and  8-320  grms.,  which  shows  a  close  agreement,  if 
the  amount  of  iron  is  the  same  in  both  cases.  This  assay 
was  not  further  pursued,  as  there  are  more  simple  methods 
for  obtaining  accurate  results.  The  silica  of  ores  “con¬ 
taining  silica  only  ”  can  be  treated  in  a  much  more  simple 
way.  It  can  be  removed  by  washing,  and  the  pure  black 
tin  assayed  with  potassium  cyanide,  or,  if  too  great  a  loss 
of  cassiterite  is  feared,  the  silica  can  be  removed  by 
hydrofluoric  acid,  and  the  resulting  pure  black  tin  then 
assayed.  This  method  of  assay  has  therefore  little  value 
for  the  assayer,  except  that  it  substantiates  an  interesting 
fadt,  namely,  that  iron  carries  down  all  the  tin. 

(2.)  Mitchell||  mixes  400  grains  of  ore  with  200  grains  of 
ferric  oxide,  100  grains  of  fluor-spar,  and  100  grains  of 
charcoal  powder,  charges  the  mixture  in  a  covered 
crucible,  keeps  it  at  a  dull  red  heat  for  half  an  hour,  and 
then  at  a  white  heat  for  another  half-hour. 

In  the  experiments  the  above  quantities  were  reduced 
to  a  basis  of  10  grms.  of  ore.  These  resulted  in  a  hard, 
rough,  bluish  black  shell,  with  bronze  coloured  stains. 
The  inside  was  filled  with  fine  charcoal,  no  button  or  any 
prills  being  visible.  Apparently  the  ore  and  the  hematite 
had  united  to  form  a  slag.  The  method  was  not  further 
investigated.  If  tin  slags  are  to  be  assayed,  itis  a  simple 
matter  to  decompose  the  finely  pulverised  slag  with 
sodium  or  potassium  disulphate,  and  then  treat  with 
acidulated  water,  when  stannic  oxide  and  silica  will  be 
left.  The  tin  in  this  mixture  can  then  be  readily  deter¬ 
mined. 

(3.)  One  more  experiment  remains  to  be  mentioned 
here,  i.e.,  the  fusing  of  black  tin  with  potassium  ferro- 
cyanide  and  potassium  cyanide.  Bloxamll  states  that  by 
using  this  reagent  all  the  tin  can  be  obtained  as  an  alloy. 
The  idea  that  led  to  the  experiments  was,  that  if  a 
weighed  amount  of  dried  ferrocyanide  weie  fused  with  the 
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ore,  the  buttons  obtained  from  a  number  of  assays  would 
all  have  the  same  weight.  If  all  the  iron  set  free  by  the 
decomposition  of  the  ferrocyanide  alloyed  with  the  tin,  the 
percentage  of  tin  could  be  readily  calculated. 

In  the  experiments,  5  grms.  of  ore  were  mixed  with  5 
grms.  of  dried  potassium  ferrocyanide  and  5  grms.  of 
potassium  cyanide.  For  the  bottom  of  the  crucible,  and 
for  the  cover,  5  grms.  of  potassium  cyanide  were  reserved. 
The  results  of  the  experiments  were  negative.  The  alloy 
was  partly  disseminated  through  the  lower  grey  slag, 
which  was  porous  and  tough,  and  had  partly  colle&ed  in 
a  button.  The  weights  of  several  5-grm.  assays  did  not 
agree  within  1  grm.,  showing  that  all  the  iron  of  the  ferro¬ 
cyanide  had  not  united  with  the  tin,  but  that  part  had 
remained  suspended  in  the  lower  slag. 

Class  B. 

The  second  group  of  assays  comprises  the  Cornish 
methods,  which  are  only  for  determining  the  tin  obtained 
by  treating  the  ores  on  a  large  scale.  That  the  results  of 
such  assays  must  be  wrong  is  conceded.  How  closely 
they  may  agree  when  repeated  in  the  same  way  by  the 
same  person  is  not  stated. 

6.  Mitchell*  and  Rickettsf  give  the  following  method 

“  for  pure  tin  oxide  ”  400  grains  (Mitchell),  or  10  grms. 

(Ricketts)  are  placed  in  a  charcoal-lined  crucible,  to  which 
a  cover  is  luted.  The  ciucible  is  heated  gradually  for 
twenty-five  minutes,  finishing  the  operation  at  a  white 
heat. 

For  the  experiments,  25  grms.  of  ore  were  treated  as 
described.  There  resulted,  in  the  bottom  of  the  crucible, 
a  dull  button  of  tin,  while  on  the  walls  and  bottom  were 
numberless  bright  prills  of  tin.  Button  and  prills  were 
free  from  iron.  The  charcoal  lining  was  pulverised  and 
made  to  pass  a  60-mesh  sieve.  The  button,  the  scales  on 
the  sieve,  and  the  siftings  resulting  from  the  pulpthat  had 
been  panned  were  weighed  together.  The  weights  of  two 
assays  were : — 

i8-i2o  grms.  =  72-5  per  cent  tin. 

16-150  ,,  =  64-6  ,,  ,, 

The  chemical  analysis  shows  only  67-84  per  cent  of  tin. 
The  reason  for  this  strange  result  is  to  be  sought  in  the 
panning  of  the  fine  pulp.  When  all  the  charcoal  has 
been  washed  off  there  remains  in  the  pan  a  heavy,  black 
residue.  It  is  almost  impossible  to  see  what  part  of  this 
is  fine  tin  and  what  heavy  slag,  as  they  scarcely  differ  in 
appearance.  It  is  certain  that  with  the  result  72-5  per¬ 
cent  slag  still  remained  with  the  tin,  and  it  is  not  at  all 
sure  that  it  was  all  removed  with  the  result  64-7  per  cent. 
Perhaps  after  long  acquaintance  with  uniform  ores  some 
approximately  reliable  estimates  might  be  obtained,  but 
as  far  as  exadt  results  go  the  method  appears  to  the  writer 
a  very  doubtful  one. 

7.  Another  method  is  given  by  Mitchell];: — 2  ounces  of 
ore  are  mixed  with  a  small  quantity  of  culm  andprojedled 
into  a  red-hot,  naked  crucible  ;  some  fluor-spar  is  added  if 
necessary,  and  after  a  quarter  of  an  hour’s  fusion  the  tin 
is  poured.  The  prills  in  the  slag  are  recovered  by  pounding 
and  vanning. 

In  the  experiments,  50  grms.  of  ore  were  mixed  with 
12  grms.  of  finely  pulverised  anthracite,  shot  into  the  red- 
hot^crucible  and  heated  for  half  an  hour,  a  little  fluor-spar 
having  been  added.  No  fusion  was  apparent.  I  he 
crucible  was  removed,  and  broken  when  cold.  It  con¬ 
tained  a  black,  porous,  fritted  mass,  full  of  prills  of  tin, 
and  on  the  bottom  a  button.  The  entire  lower  part  of  the 
crucible  was  crushed,  screened,  and  panned,  and  all  the 
recovered  tin  weighed  together.  The  weights  were  : — 

34-10  grms.  =  68-20  per  cent  tin. 

27‘38  „  =  547°  »»  » 


*  Op.  cit.,  p.  48c, 

+  Op.  cit.,  p.  88. 

?  Op.  cit.,  pp.  480  and  481. 
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The  same  difficulty  as  above  in  separating  the  heavy, 
black  slag  from  the  fine  tin  causes  the  irregularity. 

8.  In  connection  with  the  Cornish  methods  it  may  be 
mentioned  here  that  it  has  been  the  writer’s  custom,  in 
melting  out  metallic  tin  from  different  grades  of  black  tin, 
to  mix  the  black  tin  with  5  per  cent  of  lime,  5  per  cent  of 
fluor-spar,  and  12  to  15  per  cent  of  charcoal  or  anthracite, 
the  latter  requiring  a  higher  temperature,  but  giving 
cleaner  slags.  With  pure  concentrates  obtained  from  ore 
occurring  in  quartz  no  special  difficulties  have  been 
encountered,  so  that  the  entire  contents  of  a  plumbago 
crucible  weighing  about  xo  pounds  can  be  readily  poured. 
With  impure  concentrates  the  results  of  such  fusions  have 
always  been  somewhat  pasty  slags,  and  additions  of  lime 
or  fluor-spar  were  never  of  much  avail.  The  only  remedy 
has  been  to  add  salt,  which  makes  the  slags  less  pasty. 
The  main  point  in  all  these  fusions  is  always  to  have  the 
crucible  nearly  filled.  If  the  first  charge  has  begun  to 
fuse,  a  second  one  is  added.  Such  a  fusion  takes  from 
one  to  two  hours.  Unfortunately,  no  records  have  been 
kept  of  the  amount  of  white  tin  contained  in  the  black, 
which  would  give  the  amounts  saved. 

In  reviewing  the  preceding  experiments,  it  is  striking 
that  so  many  different  methods  and  modifications  should 
still  be  recommended  when  a  few  simple  ones  are  quite 
sufficient.  The  experiments  made  show  clearly  that  there 
are  only  two  methods  giving  entirely  satisfactory  results. 
These  are  the  German  method,  as  exemplified  by  assays 
Nos.  1  to  6,  and  the  method  of  fusion  with  potassium 
cyanide,  as  from  assays  Nos.  35  to  38  ;  or,  still  better,  if 
sufficient  material  is  available,  Nos.  39  to  42. 

In  the  following  investigations  concerning  the  influence 

the  different  minerals  associated  with  the  black  tin  have 
on  the  results  of  these  assays,  we  shall  see  to  which  of  the 
two  methods  the  final  preference  is  to  be  awarded. 

(To  be  continued). 


ON  THE  REMOVAL  OF  GOLD  FROM 
1  SUSPENSION  AND  SOLUTION  BY 

FUNGOID  GROWTHS.* 

By  A.  LIVERSIDGE,  M.A.,  F.R.S.,  Professor  of  Chemistry 
in  the  University  of  Sydney. 

Some  examples  of  gold  removed  from  solution  and  sus¬ 
pension  by  fungoid  growths  were  first  exhibited  by  the 
author  at  a  meeting  of  the  Royal  Society  of  New  South 
Wales  in  September,  1889.  Since  then  several  additional 
experiments  have  been  made  under  known  conditions  and 
with  a  gold  solution  of  known  strength. 

On  the  occasion  referred  to,  the  fungoid  growths  ex¬ 
hibited  had  formed  in  bottles  of  distilled  water,  containing 
very  finely  divided  gold  in  suspension,  which  had  been 
prepared  at  different  times  to  show  a  class  of  students 
that,  under  ordinary  circumstances,  gold  reduced  from  a 
weak  solution  of  the  chloride  by  means  of  phosphorus 
dissolved  in  ether,  usually  takes  several  years  to  com¬ 
pletely  precipitate  and  yield  a  clear  solution. 

On  examining  the  bottles,  some  of  which  had  been 
settling  since  1881,  it  was  found  that  those  containing 
a  colourless  liquid  were  also  charadterised  by  the  presence 
of  fungoid  growths,  usually  at  the  bottom  of  the  bottles  ; 
those  without  fungoid  growths  still  possessed  either  the 
ruby  red  or  the  purple  colour  charadteristic  of  gold 
reduced  by  phosphorus  in  ether  ;  i.e.,  the  gold  still 
remained  in  suspension. 

In  the  case  of  a  bottle  put  up  on  28th  November,  1884, 
a  purple-blue  growth  had  formed,  and  the  solution  was 
pradtically  colourless  ;  the  bottle  had  not  been  opened 
since  1884,  and  had  been  kept  in  the  dark  for  six  years. 
On  removing  the  stopper  the  odour  of  ether  was  still 
present. 


The  Dry  Assay  of  Tin  Ores. 


*  From  the  Transactions  of  the  Australasian  Association  for  the 
Advancement  of  Science,  Melbourne  Meeting,  1890,  Sedtiop  B. 
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Under  the  microscope,  with  a  low  power,  the  growth 
had  the  appearance  of  a  mass  of  matted  purple-blue  fila¬ 
ments  ;  when  dried  over  a  spirit  lamp  the  filaments 
retained  their  form,  but  lost  their  purple  colour  and 
acquired  the  metallic  lustre  and  colour  of  gold. 

When  the  growth  was  rubbed  in  a  mortar  it  also 
immediately  acquired  the  colour  and  lustre  of  gold. 

Although  none  of  the  solutions  free  from  fungoid  growths 
were  colourless,  many  of  those  with  fungoid  growths  still 
possessed  tints  of  ruby  or  purple,  even  after  standing  for 
five  or  six  years,  e.g.,  a  solution  in  a  bottle  put  up  on  1st 
December,  1884,  was,  in  September,  1889,  still  of  a  deep 
purple-red  colour,  with  a  large,  purple-red,  muffin-like 
mould  at  the  bottom  of  the  bottle  some  3J  inches  across 
and  J  of  an  inch  thick ;  but  by  29th  May,  1890,  the  whole 
of  the  colour  had  disappeared  from  the  liquid.  The  dis¬ 
appearance  of  the  tint  between  September,  1889,  and  29th 
May,  1890,  may  have  been  hastened  by  the  exposure  of 
the  bottle  to  daylight.* 

In  the  case  of  a  quart  bottle  put  up  on  30th  April,  1885, 
the  solution  was,  in  October,  1889,  perfectly  colourless, 
and  the  fungoid  growths  were  of  a  different  character,  some 
being  white  and  others  blue-black;  the  white  ones  were 
floating  oval  bodies,  about  i  of  an  inch  in  length,  with  a 
blue-black  nucleus. 

(Specimens  of  these  growths,  together  with  micro¬ 
photographs  and  drawings  of  the  same,  enlarged  1000 
diameters,  were  exhibited). 

The  gold  in  the  foregoing  experiments  was,  of  course, 
merely  in  suspension,  having  been  reduced  by  the  phos¬ 
phorus  in  ether  prior  to  the  formation  of  the  growth.  The 
growth  seems  to  have  been  in  most  instances  merely  in 
strumental  in  removing  the  gold  from  suspension,  although 
such  growths  will  reduce  or  precipitate  the  gold  as  well  as 
remove  it  from  suspension. 

The  growths  seem  to  have  formed  much  more  readily 
in  those  cases  where  phosphorus  in  ether  or  alcohol  was 
used,  and  this  may  have  been  due  to  the  oxidation  of  the 
phosphorus  to  phosphoric  acid,  the  presence  of  which  is, 
of  course,  favourable  to  such  growths,  and  the  ether  and 
alcohol  may  have,  in  part,  served  as  food  for  the  moulds, 
since  there  was  no  growth,  or  but  very  little,  when  other 
solvents  for  the  phosphorus,  such  as  carbon  disulphide, 
chloroform,  turpentine,  and  benzene  were  used. 

On  nth  Odtober,  1889,  ten  confirmatory  experiments 
under  known  conditions  were  started.  Several  pint  bottles 
of  distilled  water  were  put  up,  and  a  definite  quantity  of 
the  ordinary  crystallised  gold  chloride  was  added  to  each. 
The  gold  chloride  solution  was  made  by  dissolving  a 
fifteen-grain  tube  of  the  AtiCli,NaCl,2H20  salt  in  500 
c.c.  of  water,  and  5  c.c.  of  this  solution  were  added  to 
each  pint  (20  fluid  ozs.)  of  distilled  water,  and  a  small 
quantity  of  the  reducing  solution  or  agent  added  at  the 
same  time.  The  bottle  was  then  filled  up  to  the  stopper 
with  distilled  water,  and  not  re-opened  until  the  time 
arrived  for  examining  the  growth,  if  any,  which  had  . 
formed.  These  bottles  are  not  placed  in  the  dark  as  in  the  ' 
first  experiments. 

Roughly  speaking  each  bottle  contained  o-oi  grm.  of 
the  crystallised  gold  salt. 

In  addition  to  chemical  reducing  agents  various  or¬ 
ganic  ones  were  made  use  of,  and  as  I  was  not  in  a 
position  to  obtain  named  fungi,  I  made  use  of  certain 
fungoid  growths,  which  can  always  be  obtained  in  a 
chemical  laboratory,  so  that  the  experiments  can  be 
easily  repeated,  and  the  growths  used  can,  if  necessary, 
be  identified  and  named. 

Amongst  those  used,  which  are  all  likely  to  be  more  or 
less  pure  growths,  were  the  moulds  which  form  sponta¬ 
neously  in  solutions  of  the  following  : — 

1.  Potassium  acetate. 

2.  Citric  acid. 

3.  Oxalic  acid. 

4.  Magnesium  sulphate. 

5.  Potassium  tartrate. 

*  This  observation  is  now  added  to  the  paper  as  originally  read. 


The  mould  ( Penicillium  ?)  from  cheese  and  banana  skins 
was  also  used.  Bread  and  other  organic  bodies  were  also 
employed.  All  of  these  were  found  to  remove  the  gold 
more  or  less  completely  from  both  solution  and  suspen¬ 
sion,  and  to  become  stained  with  the  ordinary  blue-purple 
colour  characteristic  of  gold  absorbed  or  taken  up  by 
organic  matter. 

All  the  bottles  put  up  prior  to  October,  1889,  had  been 
kept  in  a  cool,  dark  room,  without  a  window,  and  the 
door  of  which  was  seldom  opened,  hence  the  change  may 
in  these  cases  have  gone  on  more  slowly. 

Although  the  fungoid  growth  had  been  observed  in  some 
of  the  bottles  prior  to  October,  1889,  no  special  attention 
was  paid  to  the  matter  until  that  date,  hence  in  the  tabie 
which  follows  no  remarks  are  appended  before  that  date. 

The  amount  of  gold  chloride  in  bottles  from  one  to 
eight  is  unknown,  but  from  number  nine  to  the  end  of 
the  series  it  is  omi  grm.  (roughly)  of  the  crystallised 
double  gold  and  sodium  chloride. 

Since  the  note  was  communicated  to  the  Australian 
Association  and  pending  the  printing  of  the  paper,  I  have 
been  able  to  add  observations  upon  the  solutions  up  to 
the  28th  May,  1890. 

The  following  table  shows  the  changes  which  took  place 
in  the  solutions  of  gold  chloride  on  the  addition  of  various 
reducing  substances ;  the  first  date  indicates  when  the 
solution  was  put  up  and  the  other  dates  when  the  obser¬ 
vations  were  made. 

Reagent  and  Results. 

Date.  No.  1. 

1  12  84.  Phosphorus  in  Ether. 

1  1  90. — Blue-purple  colour.  Heavy  blue-black  growth. 

22  5  90. — Blue  -  purple  solution.  Heavy  blue-black 

growth,  one  mass  of  which  2\  inches 
long  and  1  inch  wide. 

28  5  90. — No  further  change. 

No.  2. 

x  12  84.  Phosphorus  in  Ether. 

1  1  90. — Perfectly  colourless  solution.  Blue-black 

growth.  Photographs  and  sketches  were 
made  of  this. 

22  5  90. — Colourless  solution.  Blue-black  voluminous 
growth,  with  some  light-coloured  growth. 
28  5  90. — No  further  change. 

No.  3. 

30  4  85.  Phosphorus  in  Ether. 

1  1  90. — Quart  bottle.  Solution  colourless.  Both  white 

and  blue-black  fungoid  growths  had 
formed.  The  white  were  fluffy,  about  i 
of  an  inch  through,  quite  different  from 
the  other  growths,  and  possessing  a  blu^- 
black  nucleus  or  centre. 

No.  4. 

30  4  85.  Phosphorus  in  Ether. 

1  1  90. — Colourless  solution.  Blue-black  growth. 

22  5  90. — Very  pale  slate  coloured  solution.  Blue- 

black  growth,  and  a  downy  white  growth 
streaked  in  places  with  blue-black. 

28  5  90. — Solution  colourless.  Blue-black  flocculent 

voluminous  growth,  also  amoeba  -  like 
growth  of  very  pale-blue  tint. 

No.  5. 

23  11  83  Phosphorus  in  Ether. 

1  1  90. — Deep  blue  solution.  Voluminous  blue-black 

growth. 

22  5  90. — Purple  solution.  Large  black  growth. 

28  5  90. — Purple  solution.  Voluminous  blue  •  black 
growth. 


Removal  of  Gold  by  Fungoid  Growths * 


No.  6. 

23  5  88.  Phosphorus  in  Ether. 

1  1  go. — Water  tinted  with  dark  blue.  Precipitate 

blue-black,  rather  denser  and  not  so  much 
fungoid  growth  as  in  the  others. 

No.  7. 

23  5  80.  Phosphorus  in  Ether. 

1  1  go. — Greenish  solution.  Blue-black  growth. 

22  5  go. — Nearly  colourless  solution,  but  of  a  light 

purple-slate  colour. 

28  5  go. — Pale  blue  solution.  Blue-black  growth,  in 

loose  pieces  about  i  cf  an  inch  through. 

No.  8. 

15  8  8g.  Phosphorus  in  Ether. 

Liquid  of  a  red-purple  colour.  Only  a  slight 
amount  of  mould,  also  of  a  purple-red 
colour. 

28  5  go. — No  further  change. 

No.  g. 

ix  10  8g.  Phosphorus  in  Ether. 

14  10  8g. — Nearly  colourless.  Slight  bluish-green  pre¬ 

cipitate. 

1  1  go. — Red  solution.  Voluminous  purple-red  growth. 

22  5  go. —  Red  solution.  Voluminous  purple-red  growth, 

and  a  few  minute  portions  of  whitish 
growth. 

28  5  go. — Red  solution.  Floating  voluminous  purple- 
red  growth  and  a  compadt  adherent  growth 
at  bottom  of  bottle. 

No.  10. 

21  11  8g  Phosphorus  in  Ether. 

I  1  go. — Deep  purple-red  solution.  No  growth,  and 

little  sediment. 

22  5  go. — Solution  almost  colourless,  but  pale  slate- 

colour.  A  considerable  quantity  of  almost 
black  sediment. 

28  5  go. —  Solution  pradlically  colourless.  Dense  blue- 

black  growth  at  bottom  of  bottle. 

No.  11. 

15  8  8g.  Phosphorus  in  Ether. 

I  1  go. —  Dark  purple-red  solution.  Dark  purple-red 

growth. 

22  5  go. — No  apparent  alteration. 

28  5  go. — Fairly  deep  purple  solution.  Bluish-black 

voluminous  growth. 

No.  12. 

Potassium  Acetate  Mould. 

II  10  8g. —  Gold  reduced  immediately,  and  the  solution 

became  of  a  pale  blue  colour  in  ninety 
minutes. 

14  10  8g. — Dense  blue-purple  precipitate.  Clear  colour¬ 
less  solution.  Mould  stained  blue-purple. 
1  1  go. —  Dense  thin  adherent  dark  purple  deposit  in 

addition  to  mould. 

22  5  go. —  Deposit  very  deep  black. 

28  5  go. — Deposit  very  deep  black.  Solution  very  pale 

slate  colour. 

No.  13. 

II  10  8g.  Phosphorus  in  Benzene  (CeHg). 

14  10  8g. —  Purple-blue  colour.  No  precipitate.  No 
growth. 

1  1  go. — Purple-blue  solution.  No  growth  and  no 

deposit. 

22  5  go. — Slight  deposit  of  a  dark  purple  colour. 

28  5  go. — Solution  of  a  fairly  deep  purple  colour,  ap¬ 

parently  turbid.  No  further  deposit,  and 
no  mould  or  growth. 
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Citric  Acid  Mould. 

11  10  8g. — Pale  blue  colour  in  ninety  minutes. 

14  10  8g. — Red  purple  solution.  No  precipitate  and  no 
growth. 

1  1  go. — Pale  blue  solution.  Indigo-blue  fungoid  growth. 

22  5  go. — Mould  almost  black,  one  piece  3^-  in.  x  'n# 

28  5  go. — Solution  colourless.  Deep  blue-black  deposit, 

and  free  lump  of  similar-coloured  growth. 

No.  15. 

Phosphorus  in  A  Icohol. 

11  10  8g. — Ditty  brown  colour  at  once. 

14  10  8g.  —  Blue-purple  solution.  No  precipitate  orgrowth. 
1  1  go. —  Pale  purple-blue  solution.  Small  quantities 

of  bluish  growth. 

22  5  go. — Considerable  quantity  of  blue-black  growth. 

28  5  go.  —  Pale  tint  of  blue  left  in  liquid.  Thick  blue- 

black  deposit  evenly  covering  all  the 
bcttom  of  the  bottle. 

(To  be  continued). 


PROCEEDINGS  OF  SOCIETIES. 


CHEMICAL  SOCIETY. 

Ordinary  Meeting,  November  20 th,  i8go. 

Dr.  W.  J.  Russell,  F.R.S.,  President,  in  the  Chair. 


Certificates  were  read  for  the  first  time  in  favour  of 
Messrs.  Arthur  Colefax,  B.A. ,  Ph.D.,  Ashgrove,  Bradford, 
Yorkshire  ;  Ernest  F.  Hooper,  Elmley,  Beckenham  ; 
Moses  William  Jones,  343,  Aspen  Terrace,  Church, 
Lancashire ;  Stephen  Newcombe  Wellington,  Riverdale 
House,  Brundall,  Norfolk;  Thomas  M.  Wyatt,  20,  Queen 
Square,  W.C. ;  David  Wilkinson,  Dunedin,  Otago,  New 
Zealand. 

The  following  w’ere  eledted  Fellows  of  the  Society; — 
Messrs.  Charles  F.  Branson  ;  D.  G.  Clark  ;  Charles 
Edwin  Day  ;  Robert  Frost ;  Colin  Gordon  ;  Arthur  R. 
Haslam,  Ph.D.  ;  Wallis  Jenkins  ;  John  McKillop  ; 
Thomas  Rhymer  Marshall  ;  William  Alexander 
McCubbin ;  Thomas  Parkes  ;  Richard  James  Redding; 
Edward  Cox  Seaton  ;  Frederick  Smith ;  John  Brooks 
Thornley;  and  James  Mitchell  Wilson. 

The  following  papers  were  read  :  — 

go.  “  A  New  Method  of  Determining  the  Specific  Volumes 
of  Liquids ,  and  of  their  Saturated  Vapours."  By  Sydney 
Young,  D.Sc.,  Professor  of  Chemistry,  University  College, 
Bristol. 

When  a  tube  closed  at  both  ends  and  partly  filled  with 
a  liquid  is  raised  in  temperature,  the  liquid  expands,  but 
the  apparent  expansion  is  less  than  the  real,  for  a  certain 
amount  of  the  substance  separates  and  occupies  the  space 
above  the  liquid  in  the  form  of  saturated  vapour.  If 
the  density  of  the  vapour  were  known,  it  would  be 
possible  to  apply  the  necessary  corredtion  ;  but 
at  high  temperatures  and  pressures  this  is  not 
the  case.  If,  on  the  other  hand,  the  upper  part  of 
the  tube  (enclosing  the  vapour  and  a  portion  of  the 
liquid)  be  heated  to  a  high  temperature,  the  lower 
part  being  kept  at  a  constant  low  temperature,  and  if, 
subsequently,  a  greater  length  of  the  tube  be  heated  to 
the  high  temperature,  there  will  again  be  expansion ; 
but  in  this  case  the  observed  expansion  will  be  greater 
than  the  real ;  for,  in  consequence  of  the  diminution 
in  volume  of  the  saturated  vapour,  a  portion  of  it  must 
have  condensed. 

In  both  cases  we  have  the  same  two  unknown  values 
the  true  volume  of  the  liquid  and  the  specific  volume  of 
the  vapour,  and  from  the  two  equations  involving  the  ex- 
|  perimental  data,  it  is,  therefore,  possible  to  calculate  both 
I  values. 
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The  experimental  method,  based  on  the  principles  just 
described,  is  described  in  full  in  the  paper.  It  possesses 
the  following  advantages  : — It  is  applicable  to  substances 
such  as  nitrogen  peroxide  or  bromine,  which  attack  mer¬ 
cury;  it  is  available  for  a  very  wide  range  of  temperature 
and  pressure,  even  to  the  critical  points  of  many  sub¬ 
stances  ,  the  data  obtained  serve  to  determine  not  only 
the  specific  volume  of  the  liquid  but  also  that  of  its  satu¬ 
rated  vapour. 

gi.  11  The  Molecular  Condition  of  Metals  when  Alloyed 
with  each  other."  By  C.  T.  Heycock  and  F.  H.  Neville. 

In  the  Journal  of  the  Chemical  Society  for  May,  1890, 
we  showed  that  1  atomic  proportion  of  a  metal  when  dis¬ 
solved  in  tin  produces  the  fall  in  the  freezing-point  that, 
on  the  theory  of  osmotic  pressure,  should  be  produced  by 
one  molecular  proportion :  we  therefore  concluded  that 
when  metals  are  dissolved  in  tin  their  molecules  are  mon¬ 
atomic.  During  the  past  summer,  we  have  succeeded  in 
carrying  out  similar  experiments,  using  bismuth,  cadmium, 
and  lead  as  solvents.  The  method  of  experimenting  was 
pradically  the  same  as  for  tin.  We  now  give  a  brief  ab¬ 
stract  of  our  results.  The  molecular  falls  predicted  by  the 
theory  of  osmotic  pressure,  that  is,  the  falls  that  one 
molecular  proportion  of  any  substance  ought  to  produce 
when  dissolved  in  100  atomic  proportions  of  the  solvent 
metal,  are  as  follows  : — 

Solvent  bismuth,  mol.  fall  is  2'o8°  C. 

Solvent  cadmium  ,,  ,,  4*5°  C. 

Solvent  lead  ,,  ,,  6*5°  C. 

Hence,  the  following  tables  show  that  the  atom  is 
identical  with  the  molecule  in  many  cases  : — 


Bismuth. 

No.  of 

No.  of  atoms  per 

Mean  atomic  fall, 

experiments. 

100  atoms  Bi. 

Lead  . . 

.  20 

i-i— r75 

2*1 

Thallium 

Mercury 

.  2 

0*3— 0*9 

2*07  M. 

2*04 

•  4 

U  0  4  D 

Tin  . . 

•  4 

0*l6 — 2*2 

2*03  Steady. 

Palladium 

4 

0*9 — 2*2 

2*03 

Platinum 

6 

0*2  — 1*2 

2*02  Steady. 

Cadmium 

4 

1*0 — 4*0 

2*01 

Gold  . . 

•  4 

0*4 — 1*8 

1*97 

Sodium 

3 

o*8 — 4*0 

1*94  Steady. 

Silver 

3 

07—2*5 

1*91 

Zinc  . . 

4 

i*3— 4*8 

i*6 

Copper 

5 

0*23—0*6 

1*23 

Arsenic 

•  5 

0-25—2*3 

o*68  Very  steady. 

It  is  noticeable  that  arsenic  both  in  bismuth  and  cadmium  givesHah. 

Antimony 

..  3 

0*23 — 1*0 

2*79  Rise. 

Cadmium  as  a  Solvent. 

No.  of 

No.  of  atoms  per 

Mean  atomic  fall. 

experiments. 

100  atoms  Cd. 

Antimony 

.  .  2 

o*3— 0*5 

4*71  M. 

Platinum 

.  .  2 

0*08 — 0*13 

4'55 

Bismuth 

‘“{I 

0*05—0*5 

2*2 — 3*6 

4-58 

4*09 

Tin  .. 

.  .  2 

o*66 — 2*6 

4*48 

Sodium 

••  3 

o*6— 1*3 

4'44 

Lead  . . 

. .  2 

0*84 — 1*4 

4'4 

Thallium 

••  3 

0*24 — 1*28 

4*34  M. 

Copper 

..  8 

0*2 — 2*0 

3*5  No  falling  off. 

Mercury 

••  3 

0*23 — o*68 
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Zinc 

3 

006  — 1*6 

2*72  Nofallingoff. 

Palladium 

•  •  3 

0*13 — 0*26 

2'35 

Potassium 

. .  2 

0*5  —o*6 

2*26  M. 

Gold  .. 

••  3 

0*14 — 0*7 

1*48 

Arsenic 

. .  1 

0*2 

i*6 

Seven  out  of  fourteen  metals  appear  to  have  monatomic  molecules, 
the  osmotic  pressures  ranging  from  2  to  more  than  40  atmospheres.  | 
In  the  case  of  zinc,  palladium,  and  mercury,  there  is  a  smaller  fall  I 
even  at  the  low  pressure  of  2 — 8  atmospheres. 

Arsenic  gave  a  fall  of  £. 

Silver..  ..  1  0-05  9*33  Rise. 

The  dissolved  substance  separates  from  the  solution  as  tempera¬ 
ture  falls. 


No.  of 
experiments. 


Lead. 

No.  of  atoms  per 
100  atoms  of  Sn. 


Mean  atomic  fall. 


Gold  ..  .. 

4 

0*33-2*7 

6'45 

Steady. 

Palladium  . . 

3 

0*32 — 1*8 

6*45 

Silver  . . 

6 

0*2  — 1*4 

6*45 

Platinum  . . 

4 

0*15—0*6 

6*42 

Copper 

3 

01— 0*195 

6*15 

Arsenic 

4 

0*38—4*9 

5'33 

Magnesium  . 

2 

1'5 

4'5*5 

Zinc 

3 

0*2 — 1*2 

4'43 

Antimony  . . 

4 

06—47 

3'9 

Steady. 

Cadmium  .. 

2 

0*6 — 61 

3  62 

Steady. 

Mercury 

3 

0*73-6*7 

3'3i 

*  h 

Bismuth 

6 

0*23—4*6 

3*02, 

Steady. 

Tin  . .  . .  - 

0*4 — 1*8 

6*o — 9*0 

i*8 

i*6 

iSn4. 

Sodium 

2 

— 

1*06  ? 

Theoretical  fall  = 

6’5- 

Of  the  fourteen  metals  dissolved  in  lead,  it  would  appear  that  five 
have  monatomic  molecules ;  while  mercury,  bismuth,  and  cadmium 
are  diatomic ;  the  molecule  of  tin  would  seem  over  a  long  range  to 
be  tetratomic. 


92.  “  The  Estimation  of  Cane-sugar .”  By  C.  O’Sulli¬ 
van,  F.R.  S.,  and  Frederic  W.  Tompson. 

The  authors  describe  a  new  method  of  estimating 
sucrose,  which  they  claim  is  applicable  to  all  solutions 
containing  cane-sugar,  including  natural  juices  and  other 
preparations  in  which  the  use  of  acids  is  not  possible. 
The  process  is  a  very  simple  one,  and  it  is  shown,  by  com¬ 
paring  it  with  estimations  in  which  invertase  is  used,  that 
it  is  very  accurate.  It  is  based  on  the  one  used  by 
Kjeldahl  in  1881,  and  is  as  follows  :— 

The  neutral  solution  containing  cane-sugar  is  placed  in 
a  constant  temperature  bath  at  55°.  A  little  pressed 
brewer’s  yeast  is  added,  and  complete  admixture  secured 
by  gentle  stirring.  At  the  end  of  four  hours  inversion  is 
nearly  always  finished.  The  solution  is  cooled,  made  up 
to  double  its  original  bulk  and  filtered.  During  the  pro¬ 
cess  there  is  a  decrease  in  the  optical  adivity  of  the  solu¬ 
tion,  and  an  increase  in  the  cupric  reducing  power.  Each 
of  these  factors  is  an  accurate  measure  of  the  amount  of 
cane-sugar  originally  present.  The  authors  quote  experi¬ 
ments  showing  that  good  results  are  thus  obtained  in 
solutions  which  would  not  admit  of  the  use  of  acids. 

93.  “  The  Spectra  of  Blue  and  Yellow  Chlorophyll,  with 
some  Observations  on  Leaf  green."  By  W.  N.  Hartley, 
F.R.S. 

The  author  refers  to  the  numerous  memoirs  on  chloro¬ 
phyll  of  Stokes,  Sorby,  Chautard,  Timiriaseff,  Pringsheim, 
Reinke,  and  of  Russell  and  Lapraik  and  Schunck  Having 
been  occupied  at  various  times  during  the  last  seven 
years  in  an  investigation  of  the  different  colouring-matters 
described  nnder  the  name  of  chlorophyll,  he  has  deemed 
it  advisable  to  present  his  results  to  the  Society  without 
awaiting  the  further  development  of  the  research.  The 
subjed-matter  may  be  conveniently  arranged  under  the 
following  heads  : — 

a.  Observations  on  the  spedrum  of  chlorophyll  con¬ 

tained  in  living  tissues. 

b.  The  spedrum  of  chlorophyll  as  seen  in  dried  leaves. 

c.  Mode  of  extrading  leaf-green  unchanged  and  sepa¬ 

rating  the  blue  from  the  yellow  chlorophyll. 

d.  Measurements  of  the  spedia  of  the  chloiophylls. 


1.  Living  tissues  which  are  fresh  and  young,  and  which 
therefore  contain  the  leaf  -  green  unaltered,  exhibit  no 
trace  of  a  band  in  the  yellow  close  to  D,  such  as  is  usually 
attributed  to  chlorophyll,  and  there  is  no  indication  of 
one  in  the  green.  Complete  absorption,  just  beyond  b, 
extends  through  the  ultra-violet. 

2.  Yellow  chlorophyll  has  a  distind  absorption-band  in 
the  red  differing  irom  that  of  blue  chlorophyll.  It  has 
likewise  a  distind  fluorescence. 

3.  When  light  is  concentrated  on  living  tissues  the 
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absorption  speCtrum  of  the  green  colouring-matter  is  soon 
altered. 

4.  Separation  of  blue  from  yellow  chlorophyll.  The 
blue  chlorophyll  may  be  extracted  from  minced  leaves  by 
cold  absolute  alcohol,  and  may  be  precipitated  by  addition 
of  baryta.  The  yellow  chlorophyll  is  not  so  precipitated, 
or  not  precipitated  so  readily. 

A  warm  solution  of  boracic  acid  in  glycerin,  mixed  with 
a  little  alcohol,  liberates  the  unchanged  blue  chlorophyll 
from  the  dried  barium  compound. 

5.  The  blue  chlorophyll  exhibits  two  absorption  bands 
in  the  red,  close  together ;  in  the  less  refrangible  region 
of  rays  one  overlies  B  and  the  other  overlies  C.  There  is 
a  feebler  band  near  D. 

6.  Concentrated  solutions  of  yellow  chlorophyll  in  ben¬ 
zene  are  brownish  in  colour,  and  exhibit  a  magnificent 
red  fluorescence. 

When  blue  and  yellow  chlorophyll  are  separately 
treated  with  formic  acid  and  ether,  there  are  produced  two 
new  substances  showing  absorption-bands  in  the  green. 
It  is  believed  that  when  these  bands  have  been  observed, 
either  in  preparations  of  chlorophyll  or  in  living  tissues, 
that  the  chlorophyll  has  been  altered  by  oxidation  of 
formic  aldehyd  in  the  plant.  The  oxidation  could  be 
caused  in  living  tissues  by  an  excessive  degree  of  illumina¬ 
tion,  which  causes  the  destruction  of  the  tissues,  and 
otherwise  by  exposure  of  the  contents  of  the  plant  cells  to 
air  or  oxygen.  An  excessive  illumination  causes  an  ex¬ 
ceedingly  great  activity  in  decomposing  carbonic  acid,  and 
probably  oxygen  cannot  be  respired  sufficiently  rapidly  ; 
hence  there  may  be  a  reverse  action,  or  an  oxidation  of 
formic  aldehyd  to  formic  acid. 

The  leading  characteristics  of  unaltered  leaf-green  are 
those  of  blue  chlorophyll,  namely,  an  intense  absorption 
in  the  red,  stronger  even  than  in  the  violet  or  ultra-violet. 

94.  “  Note  on  Dibenzanilide."  By  J.  B.  Cohen,  Ph.D. 

In  consequence  of  the  appearance  of  the  papers  of  Paal 
and  others,  and  of  PiCtet  ( Berichte ,  1890,  2587  and  3011), 
the  author  describes  the  results  of  experiments  made  some 
time  ago.  He  comes  to  the  conclusion  that  up  to  the 
present  dibenzanilide  has  not  been  prepared  ;  at  any  rate, 
not  in  the  pure  state.  He  finds  that  on  heating 
benzanilide  with  acetic  anhydride  and  a  small  quantity 
of  fused  sodium  acetate,  it  is  converted  into  acetanilide. 


A  meeting  of  the  Research  Fund  Committee  will  be  held 
in  December.  Fellows  desiring  grants  are  requested  to 
forward  their  applications  to  the  Secretaries  before 
December  13th. 

ROYAL  INSTITUTION  OF  GREAT  BRITAIN. 
General  Monthly  Meeting,  December  x,  1890. 

Sir  James  Crichton-Browne,  M.D.,  LL.D.,  F.R.S., 
Treasurer  and  Vice-President,  in  the  Chair. 

The  following  gentlemen  were  elected  Members  of  the 
Royal  Institution: — .Messrs.  Charles  Arthur  Aikin, 
F.R.C.S.,  Louis  Brennan,  A.  M.  Dunlop,  Henry  Gourlay, 
John  Rose  Innes,  B.Sc.,  B.A.,  Maurice  Marcus,  Charles 
Gibson  Millar,  and  George  Danford  P.  Thomas,  M.D., 
M.R.C.S. 

The  Presents  received  since  the  last  Meeting  were 
laid  on  the  table,  and  the  thanks  ofthe  Members  returned 
for  the  same. 


Shortcomings  of  Denaturised  Spirits  for  Burning. — 
C.  Reinhardt  (Zeit.  Angew.  Chemie).— Such  spirit  often 
attacks  metals,  e.g.,  brass  lamps,  fills  the  wicks  with  the 
salts  of  zinc  and  copper,  and  rapidly  destroys  platinum 
crucibles.  According  to  Schenkel  (in  the  same  journal), 
this  mischief  is  not  due  to  the  presence  of  pyridine  bases 
and  wood  spirit,  but  to  the  faCt  that  many  dealers  add  an 
acid  to  the  denaturised  spirit  to  dimmish  its  odour.  This 
addition  has  subsequently  been  interdicted. 


NOTICES  OF  BOOKS. 

Fuels ;  Solid,  Liquid,  and  Gaseous.  Their  Analysis  and 
Valuation.  For  the  Use  of  Chemists  and  Engineers.  By 
H.  J.  Phillips,  F.C.S,  Analytical  and  Consulting 
Chemist  to  the  Great  Eastern  Railway  Company. 
London  :  Crosby  Lockwood  and  Co. 

This  little  book  will,  we  feel  sure,  be  welcomed  by  the 
class  of  persons  to  whom  it  is  more  especially  addressed. 
In  our  days  it  is  felt  necessary  to  seleCt  for  every  purpose 
that  kind  of  fuel  which  is  found  to  be  the  most  suitable 
and  in  addition  to  obtain  from  each  kind  the  maximum 
duty  which  it  is  capable  of  performing.  For  this  purpose 
both  a  corredt  analysis  and  a  determination  of  calorific 
value  become  frequently  necessary,  and  to  this  end  the 
author  gives  in  brief  the  most  suitable  methods. 

For  the  analysis  of  gaseous  fuels  he  recommends  the 
apparatus  of  Elliot,  which  is  here  described  and  figured. 
He  has  found  it  suitable  for  “  quick  working  and  reason¬ 
able  accuracy.”  Certain  more  delicate  procedures  are 
inapplicable  where  time  is  a  great  object.  For  the 
estimation  of  the  small  quantity  of  nitrogen  usually  found 
in  fuel  the  Dumas  process  is  recommended.  The  calorific 
value  of  solid  and  liquid  fuels  is  directed  to  be  effected  by 
means  of  Thompson’s  calorimeter. 

There  is  a  valuable  selection  of  tables  giving  practical 
results  and  analyses.  Thus  we  find  the  average  com¬ 
position  of  coal  from  various  localities,  that  of  various 
anthracites,  the  progressive  diminution  of  hydrogen  and 
oxygen  from  wood  to  anthracite,  the  analysis  of  patent 
fuels,  the  composition  of  water-gas,  the  gases  occluded  in 
coal,  composition  of  oil-gases,  &c.  In  fine,  the  work 
ought  to  have  its  place  in  the  laboratory  of  every  metal¬ 
lurgical  establishment,  coke  manufactory,  and  wherever 
else  fuel  is  used  on  the  large  scale. 


Manchester  Technical  School.  Introductory  Addresses  on 
Technical  Teaching  in  its  Application  to  Trades  and 
Industries  Delivered  at  the  Opening  of  the  Session  1889- 
91  ;  Together  with  the  Address  Delivered  by  Sir  Philip 
Magnus,  on  the  Occasion  of  the  Annual  Distribution  of 
Prizes,  Saturday,  October  4,  1890. 

This  pamphlet  contains  addresses  on  the  “  Engineering 
Trades,”  by  Alderman  W.  H.  Bailey ;  on  the  “Building 
Trades,”  by  Frederick  Smith;  on  the  “Textile  Trades,” 
by  J.  R.  Barlow  ;  on  the  “  Printing  Trades,”  by  Alderman 
H.  H.  Beinrose ;  on  the  “Chemical  Trades,”  by  Ivan 
Levinstein,  and  on  the  “  Plumbing  Trade  ”  by  J.  Smeaton, 
as  well  as  the  Address  by  Sir  P.  Magnus. 

There  is  in  these  addresses  very  much  which  of  necessity 
withdraws  itself  from  the  purview  of  the  Chemical  News. 
Most  of  the  arts  discussed  in  these  addresses  are 
mechanical,  not  chemical.  Not  only  so,  but  the  econo¬ 
mical  and  semi-political  point  of  view  here  taken,  and 
that  quite  justifiably,  is  not  open  to  us. 

There  are,  indeed,  many  golden  utterances  which  we 
can  only  hope  will  sink  deeply  into  the  minds  of  the 
hearers  and  of  the  public.  One  of  the  speakers  quotes 
from  Adam  Smith  the  saying :  “  The  art  of  seeing 
governs  the  whole  conduct  of  human  life.”  Precisely  so, 
and  yet  we  have  made  education,  from  the  Board  School 
up  to  the  University,  to  turn  on  words  and  abstractions. 
We  have  cultivated  what  a  recent  writer  terms  the  “  vice 
of  inobservance  ”  We  are  here  rightly  told  that  the  “  all 
round  man  is  of  little  value.”  Yet  we  still  try  to  develop 
all-round  men. 

Says  another  speaker,  wisely  enough,  of  the  British 
workman,  “  if  he  will  only  do  himself  justice  by  mastering 
the  theory  as  well  as  the  practice  of  his  trade,  and  by 
avoiding  the  pitfalls  of  drink  and  betting,  the  faCt  of  his 
higher  wages  and  shorter  hours  of  labour  will  not  place 
him  behind  his  foreign  rivals.”  There  is  here  an  admis¬ 
sion  that  in  technical  education  “we  have  still  much  lee- 
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way  to  make  up  ”  and  that  “  we  have  been  spending  our 
energies  upon  discussions  as  to  the  rival  claims  of  Board 
and  Denominational  schools.”  Might  it  not  have  been 
said  that  we  have  lavished  our  means  in  forcing  elementary 
literary  education  upon  those  who  do  not  want  it,  instead 
of  putting  higher,  scientific,  and  technical  training  within 
the  reach  of  those  who  need  it  ?  It  is  greatly  to  be 
deplored  that  the  authors  of  the  addresses  do  not  seem  to 
admit  that  one  of  the  chief  shortcomings  of  English 
education  is  its  examinational  character,  with  the  accom¬ 
paniments  of  “  standards  ”  and  “payments  by  results.” 
Another  defeCl  is  that  the  management  of  education  so 
largely  devolves  upon  the  nominees  of  political  factions 
and  religious  seCts. 

Mr.  Levinstein’s  very  able  and  interesting  address  on 
the  Chemical  Trades  announces  one  of  the  greatest  misfor¬ 
tunes  to  India,  and  consequently  to  Britain,  which  have 
happened  for  a  long  time.  A  Swiss  chemist,  Professor 
Heumann  of  the  Zurich  Polytechnicum,  has  at  last 
invented  a  method  of  making  artificial  indigo  at  a  reason¬ 
able  price.  A  compound  known  as  phenylglycocine, 
obtained  by  the  aCtion  of  monochloracetic  acid  upon 
aniline,  can  be  converted  into  indigo  by  merely  heating 
with  caustic  alkali.  Unless  some  great  improvement  can 
be  effedted  in  the  cultivation  of  the  indigo-plant  there  is 
great  reason  to  fear  that  the  indigo-distridts  of  India  may 
share  the  fate  of  the  madder-distridts  of  France. 

Mr.  Smeaton  remarked  that  working  in  lead  is  little 
understood  on  the  Continent,  and  that  all  the  best  work  in 
Berlin,  Dresden,  Vienna,  and  other  cities  is  done  by 
Englishmen.  He  mentioned,  however,  that  in  London 
and  other  great  cities  plumbing  work  is  falling  more  and 
more  “  into  the  hands  of  builders  and  contractors  who  do 
not  understand  plumbing,  and  care  nothing  about  it  so 
long  as  the  contract  is  executed  at  a  profit.”  Of  this  sort 
of  work  the  speaker  gave  same  startling  instances. 

These  addresses,  as  they  stand,  are  of  exceeding  value. 
Had  the  speakers  recognised  the  folly  of  the  examina¬ 
tional  system,  and  especially  of  competition  in  education, 
they  would  have  been  simply  priceless. 


Manual  of  Assaying  Gold,  Silver ,  Copper,  and  Lead  Ores. 
By  W.  Lee  Brown,  B.Sc.,  of  Chicago.  Revised,  Cor¬ 
rected,  and  Considerably  Enlarged,  with  a  Chapter  on 
the  Assaying  of  Fuels.  By  A.  B.  Griffiths,  Ph.D., 
F.R.S.E.,  F.C.S.,  &c,  London:  Heinemann. 

With  the  exception  of  the  chapter  on  fuels  this  work  is  a 
re-issue  of  a  manual  which  has  given  great  satisfaction  in 
the  United  States. 

Certain  matter  has  been  retained  which  is  of  question¬ 
able  use  in  England.  Thus,  in  the  chapter  on  apparatus 
we  are  repeatedly  referred  to  “  Troemner’s  list.”  This 
price  list  is  not  to  be  found  in  England  unless  specially 
ordered. 

“  Casserole  ”  is  apparently  the  American  name  for  a 
porcelain  evaporating-basin  fitted  with  a  handle. 
Generally  speaking,  the  account  given  of  apparatus, 
reagents,  and  manipulation  corresponds  with  that  which 
we  find  in  the  most  approved  manuals  of  analytical 
chemistry. 

Mr.  Brown,  in  drawing  a  line  between  assaying  and 
analysis,  depends  on  the  method  employed.  The  discovery 
of  the  composition  of  any  substance  by  means  of  dry 
reagents  and  heat  is  an  assay.  The  same  determination 
mainly  by  the  use  of  wet  reagents,  with  or  without  the  aid 
of  heat,  is  an  analysis.  We  are  not  sure  that  this  dis¬ 
tinction  can  always  be  followed.  What,  for  instance,  is 
the  determination  of  the  ultimate  composition  of  an 
organic  compound  ?  The  ores  and  metals  for  which 
special  directions  are  given  are  gold,  silver,  copper,  and 
lead.  The  author  admits  that  none  of  the  furnace 
methods  for  the  determination  of  copper  and  lead  give 
very  accurate  results.  For  copper  he  gives  as  much  more 
accurate  the  volumetric  process,  and  above  all,  the 
electrolytic  method  of  Luckow. 


Assaying. 

But  in  the  appendix  we  find  a  passage  which-must  be 
pronounced  “  rule  of  thumb  in  excelsis.”  The  writer, 
Mr.  G.  Nixon,  says  that  “  in  a  certain  sense  no  one  cares 
to  know  the  ultimate  amount  of  metal  that  an  ore  contains. 
What  is  desired  in  practice  is  the  yield  under  the  most 
skilful  treatment,  and  this  information  is  approximately 
obtained  by  fire  for  copper.”  Surely  the  rational  in¬ 
dustrialist  will  need  to  know  how  far  his  “  most  skilful 
treatment  ”  falls  short  of  the  truth,  and  is  still  capable  of 
amendment.  Time  was  when  the  Cornish  assay  was  the 
only  method  available.  But  what  excuse  can  there  be  in 
these  days  for  retaining  it  and  analogous  methods  ? 

In  the  chapter  on  the  examination  of  fuels,  instructions 
are  given  both  for  its  analysis  and  for  its  calorimetric 
examination. 

For  the  examining  of  furnace  gases  the  author  describes 
and  figures  Bunte’s  apparatus  as  made  by  P.  Harris 
and  Co. 

We  regret  to  find  that  the  author  in  speaking  of 
“parting”  makes  use  of  Baume’s  hydrometer  scale 
instead  of  T Waddell’s,  or  of  direCt  specific  gravity. 

Our  opinion  of  this  work,  as  a  whole,  is  distinctly 
favourable. 


Anleitung  zur  Darstellung  Chemischer  Preparate ,  ein  Leit 
fa  den  fur  den  Praktischen  Untenichtin  der  anorganischen 
Chemie.  “  Introduction  to  the  Preparation  of  Chemical 
Products  ;  A  Clue  for  Practical  Instruction  in  Inorganic 
Chemistry.”  Von  Dr.  Hugo  Erdmann,  Privat  Docent 
an  der  Universital  Halle.  Frankfurt  am  Main:  Bech- 
hold. 

It  has  long  been  found  necessary  to  devote  special 
treatises  to  the  analytical  department  of  chemistry,  and 
it  is  now  perceived  that  the  synthetical  department  also 
requires  a  more  thorough  treatment  than  it  can  receive  in 
the  general  text-books. 

As  far  as  inorganic  chemistry  is  concerned,  Dr. 
Erdmann  makes  a  very  successful  effort  to  meet  this  want. 
He  has  had  the  advantage  of  working  for  five  years  as 
assistant  to  Prof.  Volhard,  to  whom  he  declares  himself 
indebted  for  various  trustworthy  methods  which  so  far  are 
not  generally  known.  As  far  as  possible  he  sets  out  from 
cheap  or  worthless  materials,  from  by-produCts  and 
residues  which  are  apt  to  accumulate  in  the  laboratory. 
The  finished  products,  on  the  other  hand,  are  largely  such 
as  are  in  constant  use,  and  are  at  the  same  time  not 
always  to  be  met  with  in  trade  of  sufficient  degree  of 
purity.  Methods  are  given  for  the  production  of  10  per 
1  cent  sodium  amalgam,  of  sodium  nitrite,  of  pure  silver, 
both  crystalline  (according  to  Stas)  and  molecular,  from 
residues,  mercuric  chloride,  and  platinic  chloride,  both 
from  residues,  hydrogen  peroxide,  &c.  A  curious  printing 
fault  in  the  preface  puzzled  us  for  the  moment.  It  reads, 
“  The  beginning  (Anfang)  of  the  book  discusses  briefly 
some  of  the  most  essential  laboratory  appliances,  &c.”  It 
should  be  “  The  appendix  (Anhang)”  &c. 

We  must  pronounce  this  little  work  an  excellent  guide 
for  instruction  in  inorganic  chemistry. 


Bechhold's  Handlexicon  der  N aturwissenschaften  und 
Medizin.  (“  Bechhold’s  Manual  Dictionary  of  the 
Natural  Sciences  and  Medicine.”)  Bearbeitet  von  A. 
Velde,  Dr.  W.  Schauf,  Dr.  V.  Loewenthal,  und  Dr. 
J.  Bechhold.  Frankfurt  am  Main  :  Bechhold. 

We  have  here  the  first  part  of  what  promises  to  be  a  very 
useful  work.  It  is  not  an  encyclopaedia,  but  a  dictionary 
explaining  the  technical  language  of  the  sciences.  It  is 
calculated  to  be  useful  not  only  to  the  cultivated  laymen, 
but  even  to  the  savant  in  subjects  outside  his  own 
speciality.  The  work  is  to  be  completed  in  ten  parts  of 
64  pp.  each.  The  descriptions  are  concise,  but  clear. 
Great  use  has  been  made  of  abbreviations,  which  are  duly 
explained  in  the  beginning  of  the  work  and  present  no 
difficulty.  After  the  term  to  be  explained  follows  first  the 
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branch  of  science  to  which  it  belongs,  and  at  the  end  of 
each  such  paragraph  there  is  given  the  derivation  of  the 
word.  We  observe  only  two  typographical  errors  :  acidum 
chronicum  instead  of  chromicum,  and  Almus  viridis  instead 
ef  Alnus.  Some  readers  may  possibly  be  puzzled  by 
finding  the  names  of  certain  chemicals  given  in  the 
peculiar  Latin  guise  used  by  German  physicians  and 
pharmacists.  Thus  “  ammonium  clilovatum  ”  stands  not 
for  ammonium  chlorate,  but  for  the  corresponding  chloride. 
Thus,  even  the  suggested  re-introduCtion  of  Latin  as  the 
universal  language  of  science  (though  vastly  preferable  to 
Volapuk)  would  not  give  us  uniformity  of  nomenclature. 
This  hand-lexicon  will  be  very  useful  to  all  who  have 
occasion  to  consult  German  scientific  works. 


Report  of  the  Committee  on  Spelling  and  Pronunciation  of 

Chemical  Terms  Appointed  at  the  Toronto  Meeting 

of  the  American  Association  for  the  Advancement  of 

Science,  August,  1889. 

This  pamphlet,  forwhich  we  are  indebted  to  the  courtesy  of 
Dr.  Carrington  Bolton,  is  a  reprint  from  the  Proceedings  of 
the  American  Association  for  the  Advancement  of  Science, 
vol.  xxxviii.  This  Association,  at  a  previous  meeting, 
appointed  a  committee  on  the  spelling  and  pronunciation  of 
chemical  terms.  The  committee  sent  out  in  May,  1889,  a 
provisional  list  of  words  based  upon  the  list  drawn  up  by 
Prof.  J.  H.  Appleton,  and  requested  critical  replies.  A 
report  based  upon  these  replies  was  considered  by  the 
Chemical  Section  at  the  Toronto  Meeting,  when  a  further 
report  was  sent  out  to  all  American  chemists.  The 
“  general  principles  ”  laid  down  are  in  many  cases  con¬ 
flicting.  Thus,  it  is  recommended  that  “  the  pronuncia¬ 
tion  should  be,  as  far  as  possible,  in  accord  with  the 
analogy  of  the  English  language,  yet  Continental  pro¬ 
nunciation  should  be  approached  and  present  usage  should 
be  retained  as  far  as  possible.  Many  of  the  pronunciations 
laid  down  are  in  close  accordance  with  those  customary 
in  Britain.  We  find,  however,  the  e  in  methyl  and  ethyl 
marked  short,  which  would  probably  involve  ether.  In  the 
four  halogens  the  i  in  the  last  syllable  is  marked  short. 
Words  ending  in  ide  or  id  are  to  be  shorn  of  the  final  e 
and  be  pronounced  chlorid,  oxid,  &c.  In  words  ending  in 
vl  the  y  is  also  to  be  short.  Some  of  the  suggestions 
seem  very  appropriate ;  thus  the  word  “  titre,”  or  as 
written  in  America  titer,  is  to  be  avoided.  “  Benzol  ”  is 
justly  considered  undesirable.  The  authors  do  not 
approve  of  the  proposal  of  Watts  to  make  the  names  of 
basic  compounds  end  in  ine  and  those  which  are  neutral 
in  in. 

We  do  not  see  how  the  words  benzine  and  benzene, 
which  do  not  signify  the  same  substance,  are  to  be  dis¬ 
tinguished.  The  termination  meter  occasions  the 
committee  some  trouble.  To  distinguish  micrometer  (the 
instrument)  and  micrometer  (the  measure)  they  rely  only 
on  accents.  In  England  we  escape  the  difficulty  by 
writing  “  metre  ”  where  it  terminates  the  name  of  a 
measure.  The  pronunciation  “  tallic  ”  laid  down  for 
“  phthallic  ”  will  doubtless  surprise  many  readers.  The 
authors,  we  see,  propose  to  use  “radical”  instead  of 
“  radicle,”  and  to  write  “  gram  ”  for  “  gramme.”  This  we 
consider  a  most  objectionable  innovation.  Some  scientific 
men,  especially  when  writing  for  the  press,  have  a  habit 
of  omitting  the  dot  over  the  i,  and  thus  it  would  often  be 
impossible,  in  hurriedly  written  M.S.,  to  distinguish 
between  the  words  “  gram  ”  and  “  grain.” 

Upon  the  whole  we  should  fear  that  the  innovations  in 
pronunciation  proposed  would  render  terms  liable  to  be 
confounded  with  others. 

The  Committee  does  not  appear  to  have  taken  any  steps 
towards  an  international  nomenclature  in  chemistry — a 
weightier  matter  than  pronunciation.  The  English 
speaking  nations  still  retain  their  needless  terminations 
in  phosphonrs,  chlorine,  &c. ;  whilst  the  French  cling  to 
azote,  and  add  the  appendage  ine  to  certain  basic  oxides, 
such  as  “lithine,”  We  have  repeatedly  mentioned  the 


peculiarities  of  the  Latin  nomenclature  used  by  German 
pharmacists,  such  as  ammonium  ch\oxatum  for  ammonium 
chloric.  But  this  subjedt  can  only  be  dealt  with  by  a 
joint  committee  of  English,  French,  and  German  chemists. 


CORRESPONDENCE. 


THE  FELLOWSHIP  OF  THE  CHEMICAL 
SOCIETY. 


To  the  Editor  of  the  Chemical  News. 

Sir, —  Although  Messrs.  Lloyd  and  Teed  deny  that 
their  circular  had  any  resemblance  to  the  official  notices 
of  the  Chemical  Society,  there  appears  to  have  been  a 
likeness  sufficiently  close  to  cause  thirty-eight  out  of  the 
“  hundreds  ”  who  answered  it  to  assume  it  to  be  an 
official  notice,  notwithstanding  the  request  made  by  the 
writers  to  return  answers  to  them. 

The  writers  still  decline  to  specify  the  real  number  of 
answers  they  have  received,  and  how  many  were  qualified 
in  various  ways;  and  I  am,  therefore,  justified,  since 
“hundreds”  are  named,  in  assuming  that  about  200,  or 
say  12  per  cent  of  the  Fellows,  agree  with  the  proposals. 
This  is  scarcely  enough  backing  for  a  somewhat  ambitious 
programme. 

Our  self  constituted  guardians  regret  that  anyone  should 
have  so  poor  an  opinion  of  the  “  intellectual  and  moral 
status”  of  the  Fellows  as  to  suppose  that  they  would 
assent  to  views  put  forth  by  the  Council,  and  withhold 
assent  from  the  same  views  advanced  by  private  members. 

For  my  own  part  I  should  regret  extremely  to  see  any¬ 
thing  like  a  respectable  number  of  the  Fellows  do  the 
contrary.  There  is  all  the  difference  in  the  world  between 
the  two  actions,  and  it  by  no  means  implies  either  in- 
lelleCtual  or  moral  defect  when  assent  is  gladly  given  to  a 
policy  pursued  by  a  lawfully  elected  and  responsible  body, 
and  withheld  from  an  identical  policy  proposed  by  a  self- 
eleCted  and  irresponsible  clique. 

The  words  “  Our  present  policy,  which  is  to  keep  out 
of  the  society  those  who  are  intellectually  or  morally 
unworthy  of  the  Fellowship,”  constitute,  I  think,  an  out¬ 
rageous  and  insulting  usurpation  of  the  prerogatives  of  the 
Fellows  and  the  Council. 

Surely  these  gentlemen  do  not  realise  the  immense 
responsibility  they  assume  when,  with  such  views  publicly 
expressed,  they  or  their  friends  proceed  to  blackball  a  candi¬ 
date.  What  esoteric  knowledge  do  Messrs.  Lloyd  and  Teed 
possess  by  virtue  of  which  they  pronounce  a  candidate 
unfit  “  intellectually  or  morally  ”  (after  hearing  his  profes¬ 
sion  or  calling  read  out)  when  five  of  their  fellow  members, 
presumably  just  as  anxious  for  the  welfare  of  the  Society, 
have  signed  a  declaration  that  he  is  a  fit  and  proper 
person  for  election  ?  What  right  have  they  to  assume  that 
Fellows  are  so  careless,  incompetent,  or  evil  minded  as  to 
propose  such  candidates  ? 

I  think,  sir,  that  if  our  two  censors  will  quietly  think 
matters  over  they  will  see  that  they  have  made  a  mistake, 
and  will  have  the  courage  to  withdraw  from  an  untenable 
position, — I  am,  &c., 

R.  J.  Friswell. 

1 15,  Darenth  Road,  N. 

December  1,  1890. 


THE  FELLOWSHIP  OF  THE  CHEMICAL 
SOCIETY. 


To  the  Editor  of  the  Chemical  News. 

Sir, — Will  you  kindly  allow  me  to  say  that  when  signing 
the  circular  received  some  time  since  I  was  under  the  im¬ 
pression  that  it  had  in  some  way  the  support  of  the 
Council,  and  in  doing  so  desired  more  to  express  a  general 
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agreement  with  the  idea  that  something  ought  to  be  done 
than  a  specific  endorsement  of  each  detail  of  the  proposal  ? 

I  think  with  Messrs.  Bloxam  and  Blount,  that  the  best 
solution  of  the  difficulty  is  for  the  Society  to  publish  that 
it  is  not  a  qualifying  body  for  professional  chemists,  and 
vvould  suggest  that  a  simultaneous  publication  of  the 
existence  and  main  funtion  of  the  Institute  should  be 
made. 

In  this  part  of  the  world  the  F.C.S.  reigns  supreme,  and 
the  F.I.C.  is  practically  unknown, — I  am,  &c., 

Thomas  Farrington,  M.A. 

Analytical  Laboratory, 

4,  Waterloo  Place,  Cork,  Nov.  25,  i8go. 


CHEMICAL  NOTICES  FROM  FOREIGN 
SOURCES. 


Note. — All  degrees  of  temperature  are  Centigrade  unless  otherwise 

expressed. 

Z eitschrift  fur  Analytiscke  Chemie. 

Vol.  xxix.,  No.  2. 

The  Presence  of  Arsenic  in  Commercial  Zinc  Oxide. 
— W.  Stromeyer  ( Archiv .  de  Phctrmacie). — The  sample 
should  be  dissolved  in  hydrochloric  acid  and  mixed  with 
hydrogen  sulphide  water. 

The  Recognition  of  the  Conclusion  in  Titrating 
Iron  Chloride  with  Stannous  Chloride. — F.  H.  Mor¬ 
gan. — From  the  Journal  of  Analytical  Chemistry. 

The  Recognition  of  Mercury  as  Oxydimercuri- 
ammonium  Iodide. — Joseph  Klein  ( Archiv .  de  Phar- 
macie). — The  author  uses  the  ation  of  ammonium  chloride 
upon  an  alkaline  solution  of  mercuric  potassium  iodine — 
a  readtion  which  is  the  inverse  of  Messier’s  readtion  for 
the  detection  of  small  quantities  of  ammonium  salts.  For 
detedting  mercury  in  a  dilute  aqueous  solution  the  author 
adds  to  a  portion  of  it  a  little  solution  of  potassium  iodide 
and  adds  some  soda-lye  (lye  of  specific  gravity  1-34  diluted 
with  an  equal  volume  of  water),  and  a  solution  of  ammo¬ 
nium  chloride  (10  parts  of  the  solid  chloride  in  50  of 
water).  If  the  solution  is  very  dilute  the  test  solution  is 
superstratified. 

Determination  of  Arsenic. —  R.  C.  Canby  ( Journal  of 
Analytical  Chemistry .) 

Determination  of  Arsenic  in  Iron. — F.  G.  Muller, 
C.  Reinhardt,  and  M.  A.  von  Reis. — This  memoir  will  be 
inserted  as  early  as  possible. 

Removal  of  Arsenic  Present  in  Determinations  of 
Phosphorus. — E.  D.  Campbell. — From  the  Journal  of 
Analytical  Chemistry. 

Detection  of  Nitrous  Acid.  —  Curtman  ( Phar .  Central- 
Halle)  utilises  the  readtion  of  antipyrine  with  nitrous 
acid,  depending  on  the  formation  of  iso-nitrosoantipyrine. 
The  readtion  consists  in  the  appearance  of  an  emerald 
green  colour. 

Determination  of  Nitrous  Acid  in  Presence  of 
Nitric  Acid. — Kalmann. — The  nitrous  acid  is  converted 
into  nitric  oxide  gas  by  means  of  hydriodic  acid  according 
to  the  equation:  NaN02  +  2HI  =  NaI  +  N0-f  I-f  H2O, 
and  the  nitric  oxide  formed  is  measured.  The  solution 
of  hydriodic  acid  is  prepared  by  dissolving  at  least  twice 
as  much  iodine  as  is  necessary  for  the  decomposition  of 
the  nitrous  acid  in  a  saturated  solution  of  potassium 
iodide,  and  lets  solution  of  sodium  sulphite  flow  in  until 
the  mixture  is  decolourised. 

Determination  of  Nitric  Acid.— F.  H.  Morgan  and 
Edes  Bates. — From  the  Journal  of  Analytical  Chemistry . 

Volumetric  Method  for  Determining  Carbon  in 
Iron. — J.  Wiborgh  (Berg  der.  Hiitten  Zeitung). — This 
paper  requires  the  accompanying  illustration. 
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Determination  of  Graphite  in  Minerals. —  J.  B. 
Mackintosh. — From  the  School  of  Mines  Quarterly . 

A  N ew  Reaction  for  Thymol. — L.  van  Itallie  ( Archiv 
der  Pharmacie). — If  a  few  drops  of  potassa-lye  are  added 
to  a  liquid  containing  thymol  and  then  iodised  potassium 
iodide  until  the  liquid  has  a  faint  yellow  colour,  a  fine  red 
colour  appears  on  gently  heating.  The  colour  increases 
at  first  in  intensity,  but  disappears  soon  afterwards. 
The  readtion  is  said  not  to  occur  with  other  phenols. 

Detection  of  Hydrosulphocyanic  Acid.  —  G.  Cola- 
santi. — A  dilute  solution  of  this  acid  or  of  its  salts  gives 
a  fine  emerald  green  colour  on  the  addition  of  a  solution 
of  copper  sulphate  ( Gazetta  Chimica  Italiana). 

A  Reagent  for  the  Mercaptanes.  —  G.  Deniges. — 
Already  noticed  under  Comptes  Rendus. 

Action  of  Borax  upon  Polyatomic  Alcohols  and 
Phenols. — A.  Lambert. — Noticed  under  Comptes  Rendus t 

An  Improvement  in  Organic  Combustions. — F. 
Blan  (Monaths-H efte  fiir  Cliemie). — The  back  end  of  the 
combustion  tube,  which  is  114  c.m.  in  length,  projedting 
10  c.m.  out  of  the  furnace  behind,  and  19  in  front,  is 
closed  with  a  caoutchouc  plug  through  which  passes  a 
glass  tube  10  c.m.  long.  In  this  a  glass  rod,  40  c.m.  long, 
carrying  at  its  front  a  strong  platinum  wire,  can  slide  air¬ 
tight  backwards  and  forwards.  An  air-tight  closing  is 
effedted  by  means  of  a  piece  of  caoutchouc,  tubing  drawn 
tightly  over  the  glass  rod  and  the  glass  tube.  By  means 
of  the  rod  the  platinum  boat,  with  the  substance  to  be 
analysed,  is  moved  backwards  or  forwards.  To  effedt  a 
firm  connedtion  between  the  wire  and  the  boat  there  is  a 
small  appendage  to  the  latter,  having  a  narrow  slit  in  its 
upright  part.  By  thus  rendering  the  boat  movable,  the 
combustion  can  be  more  nicely  and  easily  regulated  than 
heretofore. 

Sources  of  Error  in  Determining  Nitrogen  by  the 
Will  and  Varrentrap  Process. — W.  O.  Atwater  (Amer. 

Chemical  Journal). 

Determination  of  Iodoform.— M.  Greshoff  ( Chemiker 
Zeitung). — A  small  quantity  of  the  substance  (o-i — o-5 
grm.),  is  heated  in  a  wide  test-tube  with  10  grms.  of  a 
10  per  cent  solution  of  silver  nitrate  in  the  water  bath. 
When  cold  any  fatty  matter  is  withdrawn  by  means  of 
ether. 

Quantitative  Separation  of  Strychnine  and  Brucine. 
— J.  E.  Gerock  ( Archiv .  der  Pharmacie). — These  bases, 
and  especially  their  picrates,  behave  differently  if  heated 
with  nitric  acid.  Brucine  is  coloured  red  by  nitric  acid, 
and  on  heating  gives  a  yellow  solution,  which  when  care¬ 
fully  neutralised  is  not  precipitated  by  picric  acid. 
Strychnine  does  not  suffer  any  chemical  change  from 
the  adtion  of  nitric  acid  of  i'056  specific  gravity  (or 
weaker). 

Determination  of  Nicotine  by  Polarisation. — M. 
Poporici. — The  author’s  method  requires  the  use  of  a 
table,  for  which  we  refer  to  the  original. 

The  Quantitative  Determination  of  Aniline  and 
Monomethylaniline. —  F.  Reverdin  and  Ch.  de  la  Harpe 
(Chemiker  Zeitung). 

A  New  Method  for  Determining  Paranitro-Toluol. 

— F.  Reverdin  and  Ch.  de  la  Harpe  (Chemiker  Zeitung). — 
These  two  memoirs  will  be  inserted  as  early  as  possible. 

Researches  on  the  Carbonic  Acid  in  the  Air. — W. 
Spring  and  L.  Roland. — The  particulars  are  not  given. 

Examination  of  Beer, — H.  Schwarz  (Dingier’ s  Polyt. 
Journal).  —  This  paper  does  not  admit  of  useful  ab¬ 
straction. 

Determination  of  Acidity  in  Food-fats  and  Oils. — 
Gantler. — This  is  generally  effected  by  dissolving  the  fat 
in  ether  free  from  acidity  and  titrating,  using  phenol- 
phthalein  as  indicator.  Gantler  has  checked  the  results 
with  sensitive  litmus  paper,  and  has  met  with  a  rape-oil 
which  turned  the  litmus  paper  very  distinctly  blue  after 
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the  addition  of  2  c.c.  alcoholic  potassa,  whilst  the  red 
colouration  of  phenol-phthelain  did  not  appear  until 
after  the  addition  of  6  c.c.  potassa  solution. 

Valuation  of  Indigo. — Ch.  Tennant.  —  From  the 
Journal  of  the  American  Chemical  Society. 

Eucalyptol.  —  Remarks  on  the  sophistication  of  this 
oil. 

Testing  Glue. — R.  Kissling  (Chemiker  Zeitung).  This 
paper  requires  the  accompanying  figures. 

Presence  of  Amber  in  Lakes. — W.  Sonne  ( Zeit . 
Angew.  Chemie). — The  author’s  method  turns  on  the 
recognition  of  succinic  acid. 

Chemical  Examination  of  Blacking. — J.  Holbling 
(Zeit.  Ange.  Chemie). — The  author  tests  for  fatty  matter, 
carbon,  phosphoric  and  sulphuric  acids,  glycerin,  iron, 
and  extradive  matters. 

Determination  of  Benzaldehyde  in  Bitter  Almond 
Water. —  C.  Denner  ( Pharm .  Central  Halle). — The 
author’s  process  depends  on  the  behaviour  of  benzalde¬ 
hyde  with  phenyl-hydrazine. 

Examination  of  Pharmaceutical  Extradls. — A  series 
of  processes  for  which  we  must  refer  to  the  originals. 

Detedion  of  Diamines  in  Urine. — L.  von  Udransky 
and  E.  Baumann. — An  examination  of  a  urine  containing 
cadaverine  and  putrescine  (pentamethylendiamine  and 
tetramethylendiamine). 

Determination  of  Urea. — Fowler  mixes  1  vol.  urine, 
the  specific  gravity  of  which  is  exadly  known,  with  7 
vols.  of  solution  of  sodium  hypochlorite,  also  of  known 
specific  gravity.  The  mixture  is  let  stand  for  2- — 3  hours 
and  its  density  is  re-determined.  The  difference  of  the 
values  depends  on  the  decomposition  of  urea,  and  on 
multiplication  with  770  it  gives  the  percentage  of  urea. 

Occurrence  and  D etedlion  of  Indigo-red  in  Urine. 

— O.  Rosenbach  (Berlin  Klin.  Wochenschrift). — Urines 
which  contain  the  chromogen  of  indigo-red  yield  with 
Jaffe’s  indican  test  no  pure  blue,  but  a  more  or  less 
decided  violet  colour  to  chloroform. 

Two  Unusual  Urine  Pigments. — B.  J.  Stokvis.— A 
colouring  matter  found  in  the  urine  of  a  patient  who  had 
been  taking  resorcine  resembled  that  of  litmus.  In 
another  urine  there  was  found  a  colour  resembling,  but 
distinct  from,  haematoporphyrine. 

Detedlion  of  Albumen  in  Urine. — G.  Roch  (Pliarm. 
Central  Halle)  finds  that  salicylsulphonic  acid  throws 
down  albumen  as  a  flocci'lent  precipitate,  even  when 
present  in  so  small  a  proportion  as  0-005  per  cent.  The 
test  is  not  affeded  by  solutions  of  urea,  uric  acid,  glucose, 
or  peptone,  or  by  normal  urine. 

Heller’s  Blood  Test. — According  to  Filehne'(Ff;'c/iow’s 
Archiv)  this  test  may  give  a  red,  phosphatic  deposit  in^ 
the  absence  of  the  colouring  matter  of  blood. 

Determination  of  Alkalinity  and  Carbonic  Acid  in 
Blood. — A  series  of  observations  by  different  authorities 
for  which  we  refer  to  the  originals. 

Detedlion  of  Carbon  Monoxide  in  Haemoglobine. — 
A.  Welzel. — To  10  c.c.  of  undiluted  blood  are  added  15 
c.c.  of  a  20  per  cent  solution  of  potassium  ferrocyanide, 
and  2  c.c.  of  an  acetic  acid  made  up  by  mixing  1  vol.  of 
glacial  acid  and  2  vols.  of  water,  and  the  whole  is  gently 
shaken.  The  coagulum  in  normal  blood  is  black-brown, 
in  blood  containing  carbon  monoxide  an  intense  light 
red.  Or,  the  blood  diluted  with  4  parts  of  water  is  mixed 
with  about  three  times  its  quantity  of  a  4  per  cent  solu¬ 
tion  of  tannin.  Blood  containing  carbon  monoxide  gives 
a  bright  crimson  precipitate,  which  retains  its  colour  for 
months.  Normal  blood  gives  a  red  precipitate  at  first, 
which  in  1 — 2  hours  takes  a  brownish  shade,  and  in  24 — 
48  hours  turns  to  a  permanent  grey. 

Detedlion  of  Tin  in  Confectionery.—  J.  Mayrhofer. — 
The  author  first  destroys  the  articles  in  question  with 


285 


nitric  acid.  To  this  end  20  grms.  of  the  substance  are 
covered  with  50  grms.  nitric  acid  (specific  gravity  1-45),  in 
a  flask  containing  400  c.c.,  and  gently  heated  on  the 
sand-bath  until  copious  red  fumes  escape.  When  the 
main  reaction  is  over,  10 — 15  c.c.  of  nitric  acid  are  added 
at  intervals  of  half-an-hour,  heating  gently,  by  which 
means  the  oxalic  acid  formed  is  mostly  consumed.  The 
decomposition  lasts  for  half  a  day  and  requires  70—100 
grms.  nitric  acid.  The  residue  is  placed  in  a  porcelain 
capsule,  the  flask  is  rinsed  out  with  10  c.c.  hydrochloric 
acid,  and  the  whole  evaporated  to  dryness.  The  residue 
is  taken  up  in  water  and  hydrochloric  acid  (about  100 
c.c. ),  sulphuretted  hydrogen  is  passed  into  the  solution 
at  60—70°  for  half-an-hour,  filtered  when  cold,  the  filter 
burnt,  the  ash  reduced  by  ignition  in  a  porcelain  boat  in 
a  current  of  hydrogen,  and  the  produd  of  the  reduction  is 
dissolved  in  hydrochloric  acid. 

On  Prout’s  Hypothesis  with  Reference  to  the 
Atomic  Weights  of  Oxygen  and  Carbon.— J.  A. 
Groshans  (Rec.  des  Travaux  Chim.  des  Pays-Bas). — On 
comparing  the  formulae  of  different  compounds  which  only 
contain  hydrogen,  oxygen,  and  carbon,  the  author  con¬ 
cludes  that  the  figures  12  and  16  must  be  admitted  for 
carbon  and  hydrogen. 

The  Atomic  Weight  of  Palladium.— E.  H.  Reiser, 

—(Report  of  Chemical  Section  of  Journal  oj  Franklin 
Institute  and  Chemical  News). 


Journal  fur  Praktische  Chemie. 

New  Series,  Vol.  xl i . ,  No.  xi. 

Researches  from  the  Chemical  Laboratory  of  Prof. 
A.  Say tzeff  at  Kasan.— This  contains  a  paper  by  A. 
Reformatzky  on  the  Investigation  of  Linoleic  Acid.  The 
formula  hitherto  assumed  for  the  composition  of  linoleic 
acid,  Ci6H2802,  >s  erroneous.  Its  true  composition  is 
Ci8H3202. 

Researches  from  the  Laboratory  of  the  University 
of  Freiburg. — These  comprise  a  memoir  by  Ad.  Claus 
and  H.  Burstert  on  the  products  of  the  chlorising  of 
metaxylol,  and  a  paper  by  C.  Willgerodt  on  a  method  of 
obtaining  azohydrazines  and  pulyazo-compounds. 

A  New  Method  for  the  Determination  of  Sulphur 
in  Inorganic  Sulphides.— P.  Jannasch.— This  memoir 
requires  the  accompanying  figure. 

In  Reply. — F.  Stohmann.— An  answer  to  certain 
polemical  comments  by  Herr  Ossipoff  on  the  combustion 
heat  of  fumaric  and  maleic  acids. 


Royal  Institution. — The  following  are  the  Ledure 
Arrangements  before  Easter :  — Professor  Dewar,  Six 
Christmas  Ledures  to  Juveniles,  on  Frost  and  Fire  ; 
Professor  Vidor  Horsley,  Nine  Ledures  on  the  Strudure 
and  Fundions  of  the  Nervous  System  (Part  I.  The  Spinal 
Cord,  and  Ganglia) ;  Mr.  Hall  Caine,  Three  Ledures  on 
the  Little  Manx  Nation;  Professor  C.  Hubert  H.  Parry, 
Three  Ledures  on  the  Position  of  Lulli,  Purcell,  and 
Scarlatti  in  the  History  of  the  Opera;  Professor  C. 
Meymott  Tidy,  Three  Ledures  on  Modern  Cnemistry  in 
Relation  to  Sanitation  ;  Mr.  W.  Martin  Conway,  Three 
Ledures  on  Pre-Greek  Schools  of  Art;  The  Right  Hon. 
Lord  Rayleigh,  Six  Ledures  on  The  Forces  of  Cohesion. 
The  Friday  Evening  Meetings  will  begin  on  January  23rd, 
when  a  Discourse  will  be  given  by  The  Right  Hon.  Lord 
Rayleigh  on  Some  Applications  of  Photography  ;  succeed¬ 
ing  Discourses  will  probably  be  given  by'  the  Right  Hon. 
Lord  Justice  Sir  Edward  Fry,  Professor  J.  W.  Judd, 
Professor  A.  Schuster,  Dr.  E.  E.  Klein,  Mr.  Percy 
Fitzgerald,  Dr.  J.  A.  Fleming,  Dr.  Felix  Semon,  Professor 
W.  E.  Ayrton,  and  other  gentlemen. 

Sizing  Paper  According  to  New  Pradical  Experi¬ 
ments. —  (From  Dingler's  Journal.) — This  paper  will  be 
noticed  at  some  length  as  early  as  possible. 
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Meetings  for  the  Week. 


f  Chemical  News, 
t  Dec.  i2,  1890. 


MISCELLANEOUS. 

Diaries  for  1891. —  We  have  received  from  Messrs. 
Cassell  and  Co.,  publishers  to  Letts’s  Diaries  Co.,  a  selec¬ 
tion  of  these  well-known  and  old-established  Diaries. 
The  foolscap  sizes,  Nos.  31  and  48,  interleaved  with 
blotting-paper,  are  not  only  useful  as  Diaries,  but 
they  will  be  found  convenient  for  the  laboratory 
desk  as  rough  note  •  books  for  jotting  down  results 
of  experiments  in  progress,  pending  their  record  in 
the  regular  note  -  book.  The  smaller  Diaries,  Nos. 
18,  23,  and  26,  give,  besides  the  usual  space  for  notes 
and  memoranda,  much  new  information  on  many  sub¬ 
jects  of  daily  enquiry.  The  Ladies  Diary  and  Pocket 
Book  gives,  in  addition,  a  table  of  Christian  names  and 
their  meanings,  useful  in  families  where  a  name,  male  or 
female,  has  occasionally  to  be  sele&ed  ;  it  also  gives,  each 
month,  for  the  benefit  of  young  housekeepers,  a  list  of 
articles  of  food  in  season.  The  Medical  Diary  keeps  up 
its  character,  and  contains  much  new  information  bearing 
on  fees,  doses,  antidotes,  nursing,  &c.  The  Office  Diary, 
No.  8,  will  perhaps  be  found  the  most  popular,  owing  to 
its  convenient  shape  and  the  fulness  of  the  information  at 
the  beginning.  It  contains  a  Colonial  and  Foreign 
Banking,  Postal,  and  Telegiaph  Diredory,  which  is  a 
marvel  of  compadness,  and  would  be  valuable  to  all  who 
have  much  foreign  correspondence  if  it  were  a  little 
fuller  in  names  of  places  which  are  now  coming  into 
notice. 


NOTES  AND  QUERIES. 


if*  Our  Notes  and  Queries  column  was  opened  for  the  purpose  of 
giving  and  obtaining  information  likely  to  be  of  use  to  our  readers 
generally.  We  cannot  undertake  to  let  this  column  be  the  means 
of  transmitting  merely  private  information,  or  such  trade  notices 
as  should  legitimately  come  in  the  advertisement  columns. 

Nickel  Capsules — (Reply  to  “  C.”). — Your  correspondent  will  find 
some  letters  on  the  subjed  of  nickel  utensils  in  the  Chemical 
News,  about  January,  1887. — T.  F. 
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Works  and  Warehouses  : 
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Exchange. 

31,  MARK  LANE, 

LONDON. 


FOREIGN  BOOKS. 

H.  GREVEL  &  CO.,  33,  King  Street,  Covent  Garden, 
London,  W.C., 

IMPORTERS  OF  FOREIGN  BOOKS, 

Supply  all  Books  reviewed  in  this  Journal  or  elsewhere- within  the 
shortest  notice. 

_ Daily  Parcels  from  the  Continent. 
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S.  MERRY  AND  CO., 

ASSAYERS  AND  ANALYTICAL  CHEMISTS, 
SWANSEA. 


MEETINGS  FOR  THE  WEEK. 

Monday,  8th. — Society  of  Arts,  8.  (Cantor  Ledures).  “Gaseous 
Illuminants,”  by  Prof.  Vivian  B.  Lewes. 

-  Medical,  8.30. 

Tuesday,  9th. — Royal  Medical  and  Chirurglcal,  8.30. 

-  Institute  of  Civil  Engineers,  8. 

Wednesday,  10th. — Society  of  Arts,  8.  “  Eledric  Lighting  Pro¬ 
gress  in  London,”  by  F.  Bailey. 

-  Pharmaceutical,  8. 

— — ■  Geological,  8. 

Thursday,  nth. — Royal,  4.30. 

-  Mathematical,  8. 

-  Institute  of  Eledrical  Engineers,  8. 

Friday,  12th. — Astronomical,  8. 

-  Physical,  5.  “  Some  Experiments  with  Selenium 

Cells,”  by  Shelford  Bidwell,  F.R.S.  “Note  on 
Eledrolysis,”  and  “  Alternating  Current  Con¬ 
densers,”  by  James  Swinburne. 


PATENTS, 

Provisional  Protection,  from  £2  2s- 

Lowest  cost  of  complete  English  and  Foreign  on  application. 
Also,  Designs  and  Trade  Marks.  Inventions  financed. 

WALLACE,  WEATHERDON,  &  CO. 

Registered  Patent  Agents, 

57&  58,  Chancery  Lane,  and  11,  Southampton  Buildings,  W.C. 
Established  1849. 

pHELSEA  TECHNICAL  SCHOOLS, 

183,  KING’S  ROAD,  CHELSEA,  S.W. 

CHEMICAL  AND  METALLURGICAL  LABORATORY. 

Special  Arrangements  are  made  for  those  who  cannot  devote  their 
whole  time  to  the  work. 

A  SYLLABUS  of  the  Classes,  Day  and  Evening,  can  be  had  on 
application  from  the  Diredor. 


Mr.  A.  H.  HOLDICH, 

Analytical  and  Consulting  Chemist, 
n  WIGANT. 

Over  1 7  years  with  the  Wigan  Coal  and  Iron  Company,  Lira. 


CHARCOAL. 


LUMP,  FILTERING,  POWDERED.-  &c, 
ACETATE  OF  LIME.  WOOD  TAR. 
WOOD  NAPHTHA  (Solvent  and  Miscible). 

LAMPBLACK,  FOUNDER’S  BLACKING,  PLUMBAGO,  &c. 

LY DBROOK  CHEMICAL  CO.,  H3,  CANNON  street,  e.C. 

OLD  PLATINUM 

In  any  form  Purchased  for  Cash. 

Highest  prices  allowed  by 
ROBERT  PRINGLE  &  CO.,  Gold  and  Silver 
Refiners,  & c.,  40  and  42,  Clerkenwell  Rd.,  E.C, 
Send  for  Price  List. 

Photographic  Residues  reduced  and  purchased. 


EOSTE2ED  TRADE  MARK 


TTOR  SALE.  —  The  Chemical  Gazette. 

Complete  Set  (unbound  and  uncut),  17  volumes;  from  Novem¬ 
ber,  1842,  to  December,  1859.— Address,  “  Publisher,”  Chemical 
News  Office,  Boy  Court,  Ludgate  Hill,  London,  E.C. 


Silicates  of  Soda  and  Potash  in  the  state  of 

Soluble  Glass,  or  in  CONCENTRATED  SOLUTION  of  first 
quality,  suited  for  the  ManuLdure  of  Soap  and  other  purposes, 
supplied  on  best  terms  by  W.  GOSSAGE  and  Sons,  Soap 
Works,  Widnes,  Lancashire. 

London  Agents,  COSTE  and  Co.,  19  and  20,  Water  Lane,  Tower 
Street,  E.L  ,  who  hold  stock  ready  for  delivery. 
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A  RAPID  METHOD  FOR 
OF  UREA  IN 

By  C.  J.  H.  WARDEN^  -TJL 
Professor  of  Chemistry,  Medical  College,  Calcutta. 

As  Mr.  Sutton  has  remarked,  the  sodic-hypobromite 
method  of  estimating  urea  in  urine  has  given  rise  to  end¬ 
less  forms  of  apparatus,  the  principle  of  construction  being 
in  all  cases  similar.  With  the  exception,  I  believe,  of 
Lunge’s  nitrometer — when  it  is  used  for  the  estimation  of 
urea — in  all  the  instruments  hitherto  proposed  the  decom¬ 
position  of  the  urea  by  the  hypobromite  has  been  accom¬ 
plished  in  one  apparatus,  and  the  evolved  gas  measured 
in  a  separate  tube.  In  the  method  now  described,  the 
evolved  nitrogen  is  measured  in  the  same  tube  used  for 
the  decomposition  of  the  urea,  and  the  procedure  is  con¬ 
sequently  much  simplified. 

The  apparatus  emplo\  ed  for  the  decomposition  of  the 
urea  and  measurement  of  the  liberated  nitrogen  consists  of 
a  slightly  modified  form  of  Crum’s  well-known  nitrometer. 
Crum’s  tube,  as  usually  constructed,  has  a  total  length  of 
210  m.m.,  an  internal  diameter  of  15  m.m.,  and  a 
capacity  of  about  25  c.c. ;  the  cup  at  the  top  having  a 
capacity  of  a  little  over  2-5  c.c.  The  modifications 
desirable  in  adapting  the  tube  for  the  estimation  of  urea 
may  be  thus  summarised:  — 

(a) .  Trebling  the  length  of  the  tube,  and  thus  making 
it  630  m.m.  long  ;  the  capacity  being  increased  to  75  c.c. ; 
while  the  internal  diameter  is  not  altered. 

( b ) .  Grinding  on  to  the  lower  open  end  of  the  tube  a 
glass  stopper,  on  which  two  narrow  grooves  have  been 
filed. 

(c) .  Increasing  the  capacity  of  the  small  cup  at  the  top 
of  the  tube  to  5  c.c.,  and  having  it  accurately  graduated 
to  hold  2-5  c.c.  when  filled  to  a  certain  mark. 

(tf).  Using  somewhat  thinner  glass  than  that  employed 
in  the  construction  of  Crum’s  tubes,  as  no  mercury  is 
used  in  the  process. 

The  tube  is  graduated  on  the  principle  of  Russell  and 
West’s  apparatus.  Russell  and  West’s  gas  measuring  tube 
was  graduated  to  be  used  with  5  c.c.  of  urine.  It  was 
found  that  5  c.c.  of  a  2  per  cent  solution  of  pure  urea 
evolved  37-1  c.c.  of  nitrogen,  and  this  volume  was  taken 
as  the  basis  of  graduation. 

In  the  process  now  being  described,  only  2'5  c.c.  of 
urine  are  used,  and  as  2-5  c.c.  of  a  2  per  cent  urea  solu¬ 
tion  evolve  18-55  c-c-  nitrogen,  this  volume  of  gas  will 
necessarily  be  equivalent  to  2  per  cent  of  urea ;  one  per 
cent  of  urea  is  therefore  equal  to  9-27  c.c.  of  nitrogen,  and 
the  9-27  c.c.  volume  is  divided  into  ten  equal  parts,  each 
part  being  equal  to  o'i  per  cent  of  urea  ;  these  divisions 
are  further  subdivided  into  two,  each  representing  0-05  per 
cent  of  urea. 

The  graduations  should  be  continued  so  as  to  indicate 
up  to  3  per  cent  of  urea. 

As  in  Russell  and  West’s  tube  all  calculations  are 
avoided,  the  observed  volume  cf  gas  at  once  indicating 
the  percentage  of  urea  in  the  specimen  of  urine  under  ex¬ 
amination. 

In  using  the  apparatus  the  following  solutions  are  re¬ 
quired  : — 

1.  A  cold  aqueous  saturated  solution  of  common  salt- 
brine. 

2.  Hypobromite  solution,  made  by  dissolving  100  grms. 
of  caustic  soda  in  750  c.c.  of  distilled  water  and  adding  25 
c.c.  of  bromine;  this  solution  should  be  freshly  prepared 
in  small  quantities  as  required  for  use. 
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To  use  the  apparatus  the  stop-cock 
should  be  first  slightly  greased  and 
closed,  the  tube  inverted,  and  the  grooved 
stopper  removed. 

The  salt  solution  is  poured  into  the 
tube  to  overflowing,  the  stop-cock  opened 
to  allow  a  drop  or  two  to  escape,  and  thus 
displace  the  small  column  of  air  in  the 
bore  of  the  stop-cock.  The  grooved 
stopper  is  then  pressed  home,  the  excess 
of  brine  escaping  by  the  grooves  in  the 
side  of  the  stopper,  in  the  same  manner 
as  the  superfluous  fluid  escapes  through 
the  capillary  orifice  in  the  stopper  of  a 
specific  gravity  bottle.  In  this  way  the 
tube  is  filled  with  the  salt  solution,  all 
air  being  excluded. 

The  tube  is  now  stood  in  a  small 
trough  of  brine — a  finger  bowl  answers 
very  well — and  supported  by  a  filter-ring 
or  clip,  and  the  cup  carefully  dried. 

The  sample  of  urine  to  be  examined 
is  poured  into  the  dry  cup  up  to  the  2-5 
c.c.  graduation,  and  any  excess  acciden¬ 
tally  introduced  removed  by  a  fine  fold 
of  blotting-paper  The  cup  is  then  filled 
with  water  to  the  2-5  c.c.  mark,  which  is 
allowed  to  enter  the  tube,  and  this  is  re¬ 
peated,  the  objeCt  being  to  free  the  cup 
from  any  traces  of  urine.  The  stopper 
is  now  removed,  and  the  cup  repeatedly 
filled  with  hypobromite  solution,  which 
is  allowed  to  enter  the  tube  until  40  c.c. 
of  the  solution  or  more  have  been  used. 
When  the  addition  of  the  hypobromite 
solution  ceases  to  cause  active  efferves¬ 
cence,  the  tube  is  grasped  by  the  right 
hand,  the  thumb  being  tightly  pressed 
against  the  open  end,  and  the  contents 
thoroughly  agitated. 

The  tube  is  again  stood  in  the  trough 
of  brine,  and  when  the  temperature  of 
the  gas  has  reached  that  of  the  surround¬ 
ing  air,  the  volume  is  measured  with  the 
usual  precautions  ;  the  volume  of  gas 
indicating  the  percentage  of  urea  in  the 
urine.  Corredtions  for  temperature  and 
pressure  can,  of  course,  be  applied  if 
necessary. 

In  using  the  tube,  if  the  evolved  gas 
should  exceed  the  volume  yielded  by  3 
per  cent  of  urea,  the  urine  must  first 
be  diluted  with  an  cq„al  volume  of  water 
and  2-5  c.c.  of  the  diluted  urine  used  in 
the  manner  already  described  ;  the  per¬ 
centage  of  urea  as  indicated  by  the  vo¬ 
lume  of  gas  being  doubled.  The  froth 
which  forms  on  the  surface  of  the  liquid 
in  the  tube  can  be  dispersed  by  intro¬ 
ducing  a  few  drops  of  kerosene  oil. 

The  points  to  which  special  attention 
may  be  drawn  in  connection  with  this 
method  of  estimating  urea  are — 

1.  Extreme  simplicity  of  apparatus  ; 
all  the  various  operations  of  measuring 
the  urine,  decomposing  the  urea,  and 
measuring  the  volume  of  evolved  gas, 
being  performed  with  one  instrument. 

2.  Ease  and  rapidity  of  manipulation. 

3.  Results  as  accurate  as  those  afforded 
by  any  of  the  various  modifications  of 
Russell  and  West’s  original  method. 

Messrs.  Cetti  and  Sons,  of  36,  Brook 
Street,  Holborn,  sole  manufacturers,  are 
prepared  to  supply  these  modified  Crum 
tubes,  and  the  well-known  name  of  the 
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firm  is  a  sufficient  guarantee  that  the  graduations  will  be 
accurate. 


EXAMINATION  OF  OILS,  FATS,  AND  ALLIED 
SUBSTANCES. 

By  THOMAS  T.  P.  BRUCE  WARREN. 

In  examining  oils,  &c. ,  no  test  should  be  considered  as 
superfluous.  There  are  some  tests  which  are  more 
important  than  others  as  regards  their  special  signifi¬ 
cance,  so  that  experience  must  decide  the  procedure  to 
be  followed  in  particular  cases. 

The  specific  gravity  of  an  oil  or  mixture,  if  fluid,  at 
6o°  F.,  should  always  be  noted  at  this  temperature  :  fats, 
concrete  oils,  thick  lubricating  petroleums,  should  be 
taken  at  ioo°  F.  The  expansion  of  an  oil  is  an  impor¬ 
tant  factor,  the  temperature  at  which  it  begins  to  show 
a  divergence  from  the  mathematical  functions  used  in 
constructing  a  curve  for  constant  or  variable  changes 
should  also  be  noted.  In  this  way  we  can  frequently 
detect  changes  where  chemical  methods  would  be  ex¬ 
tremely  troublesome  even  if  possible. 

A  specific  gravity  bottle  is  constructed  holding  25  c.c. 
to  the  neck,  which  is  graduated  and  widened  at  the  top 
into  a  funnel  for  the  convenience  of  filling  and  retaining  1 
any  oil  beyond  the  capacity  of  the  neck.  The  capacities  J 
of  the  bottle  and  the  graduated  neck  are  determined  by  j 
pure  mercury,  so  that  the  expansion  due  to  the  glass 
itself  can  be  accurately  measured  and  allowed  for  if 
required.  It  is  preferable  to  distil  the  mercury  direCt  into 
the  bottle,  otherwise  the  expulsion  of  air  is  very  trouble¬ 
some. 

The  difficulty  of  adapting  different  forms  of  Sprengel 
tube  for  this  purpose  led  to  the  designing  of  this  form  of 
specific  gravity  tube.  In  using  this  it  is  immersed  in 
water  or  oil  to  the  upper  mark  of  the  neck.  A  platinum 
wire  serves  as  a  suspension  for  weighing  or  holding  in  an 
oil  or  water  bath. 

Knowing  the  capacity  of  the  bottle,  the  specific  gravity 
of  an  oil  occuping  the  same  bulk  is  easily  determined. 

The  expansion  of  an  oil  is  taken  as  being  simply  an 
arithmetical  mean  for  the  observed  differences  of  tempera¬ 
ture.  This  is  certainly  not  correct ;  the  first  effect  will  be 
to  expand  A,  the  original  bulk  to  A  -f  a,  a  further  incre¬ 
ment  of  heat  will  expand  A  and  a  together,  and  so  on  for 
every  successive  increment  of  volume  ;  consequently  the 
expansion  is  in  a  geometrical  ratio,  and  so  long  as  no 
abnormal  change  takes  place,  we  obtain  a  logarithmic 
curve  in  which  the  axes  x  andy  follow  a  regular  rate  of 
variation.  If  on  the  axis  x  we  represent  the  thermomet- 
rical  increments,  then  y  Will  show  the  corresponding 
volumes. 

When  something  happens  which  makes  the  curve 
change  with  respedt  to  its  initial  ordinates,  it  is  a  common 
thing  to  say  that  an  interpolation  formula  must  be  intro¬ 
duced.  Now  whenever  this  occurs  there  must  be  some 
change  to  explain ;  either  the  capacity  for  heat  has  altered, 
so  that  an  increased  temperature  no  longer  produces  an 
uniformly  corresponding  mechanical  effeCt,  or  some 
chemical  change  has  crept  in  which  upsets  the  previous 
mathematical  rtlation  of  x  and  y. 

We  can  discard  for  the  present  the  examination  of  these 
points  by  polar  co-ordinates  and  endeavour  to  find  out  by  \ 
chemical  methods  what  is  really  taking  place.  We  know 
by  the  curve  when  a  change  has  begun,  and  we  can  also 
tell  between  what  points  the  change  is  uniformly  con¬ 
stant  ;  another  interpolation  or  point  in  the  curve  indicates 
another  change,  and  so  on.  At  all  these  points  an  oil 
should  be  examined  when  cooled  down  to  the  original 
temperature.  Some  oils  are  more  stable  than  others  at 
the  same  temperature,  and  a  mixture  of  two  oils,  such  as 
olive  and  sesame  oils,  can  be  readily  detedled.  The 
chemical  cnange  is  due  mainly  to  the  loss  of  glycerin  and 
to  the  partial  oxidation  of  the  fatty  acids  thus  set  free. 


Oils  which  are  easily  oxidised  are  best  heated  in  a  flask 
with  a  bent  neck  dipping  under  mercury^ or  in  connection 
with  a  vacuum  pump. 

The  iodine  absorption  of  an  oil,  if  taken  before  and 
after  heating,  shows  a  diminished  absorption  which  may 
be  due  to  oxidation  or  other  causes.  Sulphur  chloride 
shows  that  glycerin  has  been  expelled. 

In  some  cases  it  is  useful  to  know  the  rate  at  which 
an  oil  absorbs  oxygen,  and  how  the  same  is  expended  ;  a 
measured  volume  of  the  gas  contained  in  a  graduated  gas 
tube  with  an  outlet  at  the  top,  standing  over  mercury  is 
connected  with  a  suitably  constructed  flask  containing  the 
oil,  the  air  in  which  has  been  displaced  by  oxygen,  the 
volume  of  which  is  noted.  The  residual  gas  in  the  tube  is 
analysed;  the  C02  represents  approximately  the  glycerin 
set  free,  and  the  deficiency  of  O  beyond  this  shows  what 
the  oil  and  fatty  acids  have  retained. 

“  The  Oxidation  of  Lubricating  Oils,”  by  Dr.  O.  Bach, 
was  given  some  time  ago  in  the  Chemiker  Zeitung.*  This 
interesting  paper  will  be  referred  to  when  dealing  with 
machine  oils. 


THE  VISCOSITY  OF  LUBRICATING  OILS. 

By  H.  JOSHUA  PHILLIPS,  F.C.S. 

The  viscosity  of  an  oil  used  for  the  lubrication  of  al 
kinds  of  machinery,  cylinders,  See.,  being  such  an  impor¬ 
tant  factor  in  its  specific  selection,  it  becomes  important 
that  a  recognised  standard  viscosimeter  should  be  used 
by  oil  merchants  and  buyers,  so  that  in  drawing  up  a 
specification  definite  viscosities  at  definite  temperatures 
(which  would  be  decided  according  to  what  purpose  the 
oil  was  proposed  to  be  used),  could  thus  be  stated.  It  i3 
well  known  that  many  cylinder  mineral  oils  now  in  the 
market,  although  very  viscous  at  the  ordinary  tempera¬ 
ture,  would  be  far  too  thin  to  be  used  at  the  working 
temperature  of  a  cylinder. 

Sacker’s  viscosimeter,  an  apparatus  much  in  use  for 
determining  viscosities  of  oils,  is  practically  useless  to 
base  any  specification  upon,  since  it  is  very  rarely  that 
any  two  of  them  will  be  found  to  give  the  same  results 
with  the  same  oil,  owing  to  differences  in  bore  and  shape 
I  of  constriction  of  the  graduated  tube  and  the  length  and 
bore  of  the  protruding  capillary  tube;  and  moreover,  the 
apparatus  is  not  supposed  to  determine  viscosities  above 
[  the  boiling-point  of  water.  The  apparatus  which  cora- 
!  mends  itself  for  uniformity  and  accuracy  of  results  is  that 
|  devised  by  Mr.  Boverton  Redwood,  F.R.S.E. ,  &c.  (vide 
your.  Chem.  Hoc.  Ind.,  v.,  126).  It  is  made  of  copper, 
the  exit  portion  being  agate,  of  definite  bore  and  limited 
protuberance.  Each  apparatus  is  accurately  standardised 
by  Mr.  Redwood  himself,  average  rape-oil  being  taken  as 
unity. 

By  using  such  an  apparatus,  there  should  be  no  diffi¬ 
culty  with  oil  merchants  and  brokers  in  sending  samples 
of  oils  of  prescribed  viscosity  at  stated  temperatures, 
which  would  thus  limit  the  shoals  of  specifically  useless 
oils  that  one  is  often  obliged  to  test  and  report  upon. 

G.E.Ry.  Laboratory,  Stratford,  London,  E. 


ON  THE  SO-CALLED  II., 

OR  COMPOSITE  HYDROGEN  SPECTRUM  OF 
DR.  B.  HASSELBERG.f 
By  Prof.  A.  GRUNWALD. 

Balmer  has  shown  in  the  “  Transactions  of  the 
Naturalists’  Society  ”  (Wiedemann’s  Annalen,  xxvi.,  p.  80) 
that  the  wave-lengths  of  a  part  of  the  rays  in  the  line- 
*  J  uly  10th,  1889. 

+  Read  before  the  Imperial  Academy  of  Sciences,  at  Vienna,  April 
17th,  1890. 
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spectrum  of  hydrogen,  Ha,  H/3,  Hy,  Hci,  have  simple 
rhythmical  relations  to~each  other,  so  that  anyone  of 
these  wave-lengths  may  be  represented  by  the  formula — 

i  »» 4 

A  =  w - 


m2  —  4 

(m  —  3,  4,  5,  6  .  .  .  )  h  being  independent  of  in. 

If  we  put  »H  =  »t  +  2,  vve  have  then  for  the  wave-lengths 
of  the  rays  in  question  :  Ai,  A2,  A3,  A4  .  .  .  the  formula — 


i  =i  (1-  4  A 

A  n  h  \  (w  +  2)2/ 


(»  =  i)  (1,2,3,  4 
1  ,  1  .  1  .  : 
A  i  A2  A3  ? 


(«+ 2) 

.  ),  and  there  exist  the  proportions — 
i  .  ■  -  4 


_ :  .  .  =  1  — 

A  71 


I  - 


I  —  — 


I  - 


I-± 

4 2 
4 


5- 2  62  (»+2)2 

The  minute  examination  which  the  author  undertook 
towards  the  end  of  last  year  on  the  II.,  or  so-called  com¬ 
pound  hydrogen  spedlrum  of  Dr.  B.  Hasselberg,  which  he 
(Prof.  Griinwald)  is  about  to  communicate  to  the  Imperial 
Academy  under  the  above  title,  led  to  the  very  remarkable 
result  that  a  large  part  of  it  can  be  resolved  into  a 
finite  number  of  groups  of  rays,  whose  corresponding 
wave-lengths,  Ar,  A2,  A3  .  .  .  A »,  have  rhythmic  relations 
to  each  other. 

To  each  of  the  homologous  wave-lengths  of  the  different 
groups  of  this  kind  there  ^corresponds  a  value  of  the 
independent  facflor h  in  the  first  formula. 

From  this  discovery,  the  numerical  demonstration  of 
which  admits  of  no  doubt,  the  primary  atoms  of  the 
hydrogen  molecule  in  question,  which  emit  the  above 
mentioned  series  of  groups  of  rays,  consist  of  very 
numerous  atomic  particles  forming  a  nucleus  of  maximum 
density,  and  form  around  this  a  series  of  separate  strata 
or  rings,  the  density  of  which  decreases  with  the  distances 
of  the  strata  from  the  nucleus.  If  we  give  these  strata 
from  the  outermost  to  the  nucleus,  the  numbers 
1,  2.  3,  4  .  •  .  n,  these  densities  are  as  the  rational 
numbers — 


i-l 


1  — ±:i  — ±:i-± 


1  — 


3*-  42  5*  62  (n  -b  2) 2 

The  atoms  thus  constituted  are  the  primary  atoms  “  a  ” 
of  hydrogen  H  =  ba4. 

If  we  assume,  as  it  is  most  natural,  that  the  agglomera¬ 
tions  of  the  simplest  chemical  atoms  consist  of  a  great 
number  of  atomic  particles  (which,  again,  may  be  the  sim¬ 
plest  agglomerations  of  the  ether)  and  take  place  according 
to  the  same  laws  as  do  the  systems  of  stars  according  to 
the  hypothesis  of  Kant  and  Laplace,  e.g.,  the  group  of 
stars  in  Andromeda,  it  follows  at  once  that  the  primary 
atoms  tl  ci  ”  of  hvdrogen  must  have  approximately  the 
stratified  structure  of  the  nebula  in  Andromeda,  as  shown 
photographically  by  Isaac  Roberts,  in  December,  1888. 

The  primary  element,  “6,”  must  have  a  much  more 
complicated  structure,  on  account  of  its  higher  valence. 


ACTION  OF  THE  GAS  FROM  As203  AND 
HN03  UPON  p- OXYBENZOIC  ACID.* 

By  EDGAR  F.  SMITH. 

In  vol.  viii. ,  p.  99,  of  the  American  Chemical  journal,  I 
called  attention  to  the  fatft  that  when  methyl  salicylate, 
in  ethereal  solution,  was  exposed  to  the  gas  arising  from 
arsenic  trioxide  and  nitric  acid,  ethers  of  a  and  8-meta- 
nitro-salicylic  acids  were  produced.  This  procedure  gave 
a  ready  method  for  the  production,  as  well  as  an  easy 
means  of  separating  these  two  acids,  the  ether  of  the 

*  From  the  Chemical  Sedion  of  the  Journal  of  the  Franklin  Insti¬ 
tute,  December,  1889. 


a-acid  being  readily  soluble,  while  that  of  the  /3  acid  was 
pradtically  insoluble  knether. - - - — _ _ _  _ 

The  ethyl  ether  of  meta-oxybenzoic  acid,  in  ether,  gave 
when  aCted  upon  as  above  ethers  of  /3-nitro-meta-oxy- 
benzoic  acid  (m.  p.  230°  C.)  and  trinitro-meta-oxybenzoic 
acid  (m.p.  in°C.).  The  details  of  this  investigation 
may  be  found  in  the  Proceedings  of  the  American  Phil.  Soc., 
September  7,  1888.  I  have  recently  experimented  in  the 
same  line  with  />-oxybenzoic  acid.  The  starting  point 
was  ethyl  para-oxybenzoate,  prepared  according  to  the 
recommendation  of  Hartmann  in  the  Journal  fur  Prak- 
tische  Chemie  [Il.'.xvi.,  50.  The  ether  thus  obtained, 
after  crystallisation  from  water,  gave  the  constant  melting 
point  H2°'5  C.,  as  stated  by  Graebe  ( Annalen ,  cxxxix., 
146),  and  not  1160  C.,  as  given  by  Hartmann.  The  pure 
ether  was  next  dissolved  in  ordinary  ether,  and  the  solu¬ 
tion  then  aCted  upon  for  one  and  one-half  hours,  in  the 
cold,  by  the  vapours  from  nitric  acid  and  arsenic  trioxide. 
The  flask  containing  the  ethereal  solution  was  corked  and 
allowed  to  stand  in  a  cool  place  for  several  days,  after 
which  the  ether  was  distilled  off,  The  residue  was  dark 
and  oily,  but  after  several  hours  became  solid  and  crystal¬ 
line.  By  solution  in  hot  alcohol  and  re-crystallisation 
long,  stout,  red-coloured  needles  were  obtained.  These 
melted  regularly  at  69° — 70°  C.  Barth  (Jour.  f.  Prakt. 
Chemie,  c.,  369),  speaking  of  the  action  of  nitric  acid  upon 
ethyl  />-oxybenzoate,  mentions  two  products,  ethyl  nitro- 
paraoxybenzoate  and  ethyl  dinitroparaoxybenzoate.  His 
description  of  the  mononitro  ether  is  so  meagre  that  I 
was  not  able  to  determine  at  first  whether  I  was  dealing 
with  a  well-known  compound  or  an  entirely  new  product. 
The  subsequent  analysis  of  the  free  acid  left  no  doubt  as 
to  the  identity  of  my  compound  and  that  described  by 
Barth.  This  chemist  remarks  that  the  melting-point  of 
the  nitro-ether  lies  below  —  ioo°  C.,  I  have  found  it  as 
above-690  to  7O0C.  On  boiling  the  ether  with  caustic 
potash  for  some  time  and  then  acidulating  the  alkaline 
liquid  a  crystalline  mass  separates.  It  dissolves  _  readily 
in  hot  water,  crystallising  from  it,  on  cooling,  in  long 
needles  with  a  faint  yellow  colour.  At  times  the  needles 
showed  a  flesh-red  colour  ;  this  was  removed  by  boiling 
the  aqueous  solution  with  animal  charcoal.  When  pure 
the  acid  melted  at  1840— 185°  C.,  the  same  as  the  acid 
obtained  by  Barth.  A  nitrogen  determination,  made  by 
Mr.  Seal  of  this  laboratory  gave  7-95  per  cent  N.  The 
required  N  for  a  mononitro-/-oxybenzoic  acid  is  7'65  per 
cent. 

An  attempt  to  estimate  the  nitrogen  in  the  ether  by  the 
Kjeldahl  method  failed. 

Griess  ( Berichte ,  xx.,  4S0)  also  obtained  nitro-/-oxy. 
benzoic  acid  of  melting-point  185°  C.,  and  showed  that  it 
was  identical  with  the  acid  he  had  previously  prepared 
from  p-amidonitro- benzoic  acid  by  boiling  with  KOH,  so 
that  its  constitution  and  that  of  the  acid  prepared  by  me 
as  above  described  is  undoubtedly — 

COOH 

/\ 


\/  N02 

OH 

Hasse  ( Berichte ,  x.,  2188)  states  that  nitro-/--oxybenzoie 
acid  contains  water  of  crystallisation  The  acids  of  Barth, 
Griess,  and  myself  are  anhydrous. 

While  />-nitro-oxy  ben  zoic  acid  requires  a  large  volume 
of  hot  water  for  its  solution,  its  sodium  salt  is  very  soluble, 
and  from  its  concentrated  liquid  separates  in  beautiful  red 
coloured  needles  forming  bundles. 

,  The  amide  of  the  acid  (C6H3(N02)0H.C0NH2) 
i  consists  of  beautiful  orange-yellow  coloured  tufts.  It 
melts  at  1600 — 161°,  and  dissolves  easily  in  hot  alcohol. 

The  above  account  concludes  my  study  of  the  adtion  of 
the  vapours  from  nitric  acid  and  arsenic  trioxide  upon  the 
three  hydroxy-benzoic  acids.  The  results  briefly  sum¬ 
marised  are  these :  — 
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With  ortho-oxy-benzoic  acid  two  nitro  acids  were 
obtained ;  with  meta-oxy-benzoic  acid  one  nitro  acid  and 
a  tri-nitro-me*a  produdt  resulted;  and  with  para-oxy- 
benzoic  acid,  one  meta-nitro  acid. 

The  course  of  the  readion  in  these  three  cases  (the 
m-oxy-acid  excepted)  was  not  attended  by  any  troublesome 
intermediate  produds,  and  for  this  reason  the  method  may 
perhaps  become  serviceable  in  the  nitration  of  other  oxy- 
acids. 


THE  ACTION  OF  HYDROGEN  SULPHIDE 
GAS  UPON  METALLIC  AMINES. 

Bv  EDGAR  F.  SMITH  and  HARRY  F.  KELLER. 


When  pure,  dry  hydrogen  sulphide  gas  was  conduded 
over  palladammonium  chloride,  Pd(NH3Ci)2,  no  change 
occurred  in  the  appearance  of  the  compound.  However, 
on  applying  a  gentle  heat  (70° — 8o°  C.)  to  the  boat  con¬ 
taining  the  metallic  amine,  the  latter  gradually  assumed 
a  black  colour.  This  change  extended  throughout  the 
entire  mass.  Upon  increasing  the  heat  ammonium 
chloride  was  volatilised.  The  residue  was  found  to 
consist  of  palladium  and  sulphur.  Single  mineral  acids 
were  without  effed  upon  it.  Aqua  regia  attacked  it  very 
slowly. 

I.  o-3790  grm.  of  Pd(NH3Cl)2  gave  o'24g8  grm.  of 
the  black  sulphide.  Assuming  that  the  latter  is  repre¬ 
sented  by  the  formula  PdS,  the  required  monosulphide  for 
the  quantity  of  palladammonium  chloride  used  would  be 
C2484  grm. 

It.  0  2795  grm.  Pd(NH3Cl)2  gave  o,i822  grm.  sulphide, 
while  the  calculated  amount  should  be  o-i83i  grm. 

This  behaviour  of  the  palladammonium  chloride  led  us 
to  expose  the  following  metallic  amines  to  the  adion  of 
hydrogen  sulphide  gas  : — 

Purpureo-Cobaltic  Chloride  (Co2Cl6,  ioNH3). — 0^5287 
grm.  of  this  substance,  finely  divided,  were  weighed  out 
in  a  porcelain  boat.  The  latter  was  placed  in  a  combus-’ 
ti'on  tube  of  hard  glass,  lhis  was  in  connedion,  on  the 
one  side  with  a  drying  apparatus,  on  the  other  with  a 
Peligot  tube  containing  water.  The  latter  served  to 
produce  a  back-pressure  of  the  gas,  and  in  this  manner 
the  boat  and  its  contents  were  constantly  surrounded  by 
an  atmosphere  of  hydrogen  sulphide.  The  gas  was  at 
first  allowed  to  ad  in  the  cold.  It  produced  an  immediate 
change.  The  cobalt  amine  assumed  an  intense  black 
colour.  To  all  appearances  the  change  was  complete  in 
a  lew  minutes,  and  extended  through  the  entire  salt.  On 
the  application  of  a  gentle  heat  (8o°)  ammonium  chloride 
volatilised.  Later  the  heat  was  raised,  and  a  current  of 
carbon  dioxide  substituted  for  the  hydrogen  sulphide. 
The  boat  was  allowed  to  cool  down  in  the  gas.  The  final 
produd  was  dense,  and  black  in  colour.  Its  weight  was 
0^2258  grm.  Assuming  the  change  of  the  amine  was  to  ( 
sesquisulphide  the  amount  of  the  latter,  corresponding  to 
0  5287  grm.  of  the  amine,  would  weigh  C2253  grm.  On 
examining  the  sulphide  it  was  found  to  consist  of  sulphur 
and  cobalt. 

Roseo-Cobaltic  Sulphate  (Co2(S04)3,ioNH3-f5H20). — 
This  salt,  too,  sustained  an  immediate  change  when  aded 
upon  in  the  cold  by  hydrogen  sulphide.  There  was  in 
addition  a  simultaneous  evolution  of  moisture,  and  stel¬ 
lated,  colourless  crystals  appeared  on  the  walls  of  the 
combustion  tube.  These  gradually  dissolved  in  the  water 
present,  and  imparted  to  it  an  intense  yellow  colour.  The 
crystals  were  (NH4)2S2.  On  gently  heating  roseo-cobaltic 
sulphate  in  a  stream  of  hydrogen  sulphide,  it  invariably 
happened  that  when  a  temperature  of  70°  C,  was  attained, 
the  black  mass,  in  the  boat,  swelled  up  considerably,  and 
was  projeded  into  the  tube.  Some  deep-seated  change 

*  Read  at  the  Chemical  Sedion  of  the  Franklin  Institute,  Odober 
81,  1890. 


occurred,  which  we  are  not  prepared  to  explain  at 
present. 

Luteo-Cobaltic  Chloride  (Co2Cl6,i2NH3). — This  salt  was 
affeded  by  hydrogen  sulphide  in  the  cold,  although  heat 
was  required  to  bring  about  a  complete  change.  One 
quantitative  determination  gave  the  same  result  as  was 
obtained  with  purpureo-cobaltic  chloride,  i.e.,  that  the 
produd  was  evidently  cobalt  sesquisulphide. 

Of  the  cobalt  amines  examined,  the  roseo-derivative 
was  most  rapidly  changed  by  the  gas.  We  have  good 
reasons  for  believing  that  we  can  make  this  readion 
serviceable  in  the  determination  of  cobalt  in  these  bases. 

Purpureo  Chromic  Chloride  (Cr2Cl6,ioNH3). — We  ex¬ 
posed  this  salt  for  a  long  period,  in  the  cold,  to  the 
influence  of  hydrogen  sulphide,  without  its  sustaining  any 
alteration.  On  raising  the  temperature  so  that  it  was 
slightly  lower  than  the  dissociation  temperature  of 
hy'drogen  sulphide,  the  purple-coloured  amine  became 
quite  black  in  colour.  It  had  a  velvety  appearance  and 
resembled  the  chromium  sesquisulphide  obtained  by  other 
methods. 

I.  o-63go  grm,  substance  gave  0^2640  grm.  sulphide. 
The  theoretical  amount  should  be  o-262g  grm. 

When  this  sulphide  is  exposed  to  a  high  heat  in  a 
current  of  hydrogen  gas,  it  parts  very  slowly  with  its 
sulphur. 

It  is  our  intention  to  apply  this  readion  to  other  metallic 
amines  as  soon  as  we  can  do  so,  though  at  present  our 
work  has  been  interrupted  by  unforeseen  circumstances. 


ON  THE  REMOVAL  OF  GOLD  FROM 

SUSPENSION  AND  SOLUTION  BY 

FUNGOID  GROWTHS* 

By  A.  LIVERSIDGE,  M.A.,  F.R.S.,  Professor  of  Chemistry 
in  the  University  of  Sydney. 

(Concluded  from  p.  279.) 

Date.  No.  16. 

11  10  89.  Reduced  by  Ferrous  Sulphate  Solution. 

14  10  89. — Clear  solution.  Fiocculent  dirty  bluish-green 
precipitate  of  gold. 

1  1  90. — Pale  green  solution.  Dirty  green  precipitate. 

No  growth. 

22  5  go.  Pale  yellowish-green  solution.  Dirty  green 
precipitate.  No  growth. 

28  5  90. —  Bottle  coated  with  very  thin  film  of  gold. 

Bluish-black  precipitate  in  powdery  form, 
not  coherent  nor  adherent  to  bottle.  No 
growth.  Solution  colourless. 

No.  17. 

Bread  Crumbs. 


purple  outside. 
Neither  growth 


Blue-purple 
precipi- 


nor 


11  10  8g. 

14  10  89. — Bread  stained 
solution, 
tate. 

1  1  90. — Pale  blue  solution.  Bread  stained  blue-black. 

Slight  fungoid  growth  on  bread  of  a  pale 
purple-blue  colour. 

22  5  90. — No  further  change. 

28  5  90. — No  further  change. 

No.  18. 

11  10  89.  Potassium  Tartrate  Mould. 

14  10  89.— Purple-red  solution.  No  precipitate.  Mould 
stained  purple. 

1  1  90. — Thick,  dark  bluish  growth.  Pale  blue  solu- 

tion. 

22  5  90. — Thick,  dark  bluish  growth.  Purple  slate- 
coloured  solution. 


*  From  the  Transactions  of  the  Australasian  Association  for  th< 
Advancement  of  Science,  Melbourne  Meeting,  1890,  Sedion  B. 
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28  5  go. — Solution  colourless.  Mould  very  voluminous, 

readily  floating  about,  of  a  deep  bluish 
colour.  Growth  §  of  an  inch  across.  Also 
a  blue-black  deposit. 

No.  tg. 

11  10  8g.  Magnesium  Sulphate  Mould. 

14  10  8g. — Colourless  solution.  All  gold  precipitated. 
Mould  stained  dirty  green. 

I  1  go. — Slight  dirty  green  precipitate.  Mould  dark 

green,  but  had  not  increased. 

22  5  go. —  No  apparent  alteration. 

28  5  go. — Colourless  solution.  Slight  blue-black  pre¬ 

cipitate.  Mould  blue-black  also. 

No.  20. 

11  io  89.  Green  Cheese  Mould. 

14  10  89.— Purple-red  solution.  Cheese  mould  stained 
purple.  No  growth  nor  precipitate. 

1  1  go. —  Purple-blue  solution  and  growth. 

22  5  go. — Purple-blue  solution  and  growth. 

28  5  go. — Dark  purple-blue  solution.  Blue-black  growth 

on  pieces  of  the  cheese  mould. 

No.  21. 

11  10  89.  Phosphorus  in  Turpentine. 

14  10  89. — Red-purple  solution.  No  precipitate.  No 
growth.  Turpentine  floating  on  top. 

I  1  go. — Red  (ruby)  solution.  Some  whitish  growth. 

22  5  90.  —  Ruby  solution.  Some  dark  ruby-coloured 

mould  in  addition  to  the  whitish  growth. 
28  5  90. — Solution  red.  Growth  dark-red,  mixed  with 

some  white. 

No.  22. 

11  10  8'g.  Phosphorus  in  Carbon  Disuphide. 

14  10  8g. — Pale  purple  solution,  the  carbon  disulphide 
of  a  dirty  colour. 

I  1  go.  Slate-purple  solution.  Adherent  film  of  light 

slate-coloured  deposit.  No  growth. 

22  j  g0. — No  apparent  alteration. 

28  5  go. — Dark  (slate)  purple  solution.  No  growth  and 

no  precipitate  at  bottom. 

No.  23. 

Oxalic  Acid  Mould. 

II  10  8g.— Deep  purple  in  ninety  minutes. 

14  10  89.— Red  purple  solution.  No  precipitate,  and 
mould  had  disappeared. 

!  x  g0. — Purple  colour.  No  mould  and  no  precipitate. 
22  5  go. — Slight  growth  at  bottom. 

28  8  go.— Red-purple  colour.  No  growth  and  no  pre¬ 

cipitate. 

No.  24.,  .  , 

II  10  89.  Phosphorus  in  Chloroform. 

14  10  89. — Almost  colourless  solution.  Chlorofoim  at 
bottom  of  a  pale  purple-blue  colour.  No 
precipitate.  No  growth. 

1  1  90. — Red-purple  solution.  No  growth.  A  little 

black  deposit. 

22  5  90.— Pink-purple  solution.  A  wuitish  growth.  A 

little  black  precipitate. 

2s  5  go.— Pale  ruby-red  colour.  Turbid  (metallic)  look¬ 
ing.  Small  quantity  of  purple-red  growth 
in  small  heavy  pieces.  Also  small  pieces 
of  a  waxy-looking  material,  probably 
separated  phosphorus. 

.  -  No.  25. 

Banana  Skin  Scrapings  [Mouldy). 

II  10  89. — Pale-purple  in  ninety  minutes. 

14  10  89. — Dark-purple  solution.  Skin  stained.  Slight 
precipitate. 
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1  1  go. — Dark  purple-red  solution.  Growth  on  skin 

almost  black. 

22  5  go. — Dark  blue  purple  solution.  Growth  on  skin 

black.  Dark  growth  at  bottom  of  solu¬ 
tion. 

28  5  90. —  Dark  blue  purple  solution.  Growth  on  skin 

purple-black.  Also  purple-black  loose 
precipitate. 

The  details  of  the  experiments  are  given  since  they 
show  the  first  appearance  of  the  mould  and  the  time 
taken  for  the  change  in  colour  according  to  the  removal 
of  the  gold. 

It  is  noticeable  that  no  growth  was  produced  where 
chloroform,  turpentine,  or  carbon  disulphide  was  used  as 
the  solvent  for  phosphorus,  but  alcohol  favoured  such 
growth.  The  development  of  the  mould  may  be  in  part 
due  to  the  presence  of  the  alcohol  radical  (C2H5)  ethyl 
existing  in  both  ether  and  alcohol ;  the  presence  of  phos¬ 
phoric  acid,  we  know,  is  as  essential  to  penicillium  as  it 
is  to  man. 

It  is  remarkable  that  the  oxalic  acid  mould  did  not  in¬ 
crease  but  disappeared  (confirmatory  experiments  are 
required  on  this  and  other  points).  The  organic  sub¬ 
stances,  like  bread,  &c.,  behaved  as  might  have  been 
expedled. 

It  was  found  by  Roulin  that  the  salts  of  iron  and  zinc 
promoted  the  growth  of  moulds;  and  Hamlet  (“  Australa¬ 
sian  Association  for  the  Advancement  of  Science,”  Sydney, 
1888,  p.  326),  found  zinc  in  the  mould  of  mouldy  bread, 
anu  it  ma>  be  that  many  oiher  metallic  substances,  in¬ 
cluding  gold,  are  favourable  to  the  growth  of  moulds. 

There  is  no  doubt  that  gold  in  natural  waters  could  be 
removed  by  any  moulds  with  which  it  might  come  in 
contact  ;  but  then  any  other  organic  matter,  living  or 
dead,  does  the  same.  Hence  at  this  stage  of  the  experi¬ 
ments  I  do  not  wish  to  draw  any  inferences  as  to  the 
possible  part  which  fungoid  growths  may  have  had  in  the 
separation  and  accumulation  of  gold  in  natural  deposits, 
alluvial  or  otherwise. 


THE  DRY  ASSAY  OF  TIN  ORES* 

Part  II. 

By  HEINRICH  O.  HOFFMANN, 

Assistant  Professor  of  Mining  and  Metallurgy. 

(Continued  from  p.  277). 

V.  Influence  of  Associated  Minerals  on  the  Assay. 

The  minerals  that  are  liable  to  remain  with  the  black  tin 
after  the  ore  has  been  washed,  roasted,  and  treated  with 
nitro  -  hydrochloric  acid,  are  quartz,  felspar,  mica, 
tourmaline,  garnet,  and  columbite  (tantalite).  To  test 
their  influence,  the  minerals  were  ground  fine  enough  to 
pass  through  a  60-mesh  sieve,  and  any  particles  of  iron 
coming  from  the  implements  used  in  grinding  were 
removed  by  the  magnet.  The  minerals  were  mixed  with 
the  black  tin  in  the  different  proportions  shown  in  the 
subjoined  tables,  and  the  effedts  studied  which  they  have 
on  the  two  best  methods  of  assay, — the  German  method 
and  the  method  of  fusing  with  potassium  cyanide.  The 
charges  were  so  regulated  that  the  flux  in  the  German 
assay  was  always  equal  to  three  times  the  quantity  of  the 
ore  plus  the  mineral,  and  in  the  cyanide  assay  to  six  times 
the  quantity.  Four  parts  of  cyanide  were  mixed  with  the 
ore  ;  one  part  served  as  bottom  for  the  crucible  and  one 
part  as  cover.  In  the  German  assay,  the  amount  of  borax 
glass  was  increased  in  proportion  to  the  percentage  of 
mineral  added  and  that  of  salt  decreased.  The  fusions 
were  made  in  the  usual  way;  the  time  for  the  cyanide 
assay  had  to  be  increased  to  not  less  than  fifteen  minutes 
before  a  tranquil  fusion  was  obtained. 

*  Read  at  the  Coloiado  Meeting  of  the  American  Institute  of 
Mining  Engineers.  June,  i8Fn;  From  the  Technology  Quarterly! 
Voh  iii.,  Mo.  3. 
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Table  XXII. 


No. 

of 

assay. 

r  - 

Ore. 

Quartz. 

JL 

Char¬ 

coal. 

Bl.  flux 
substitute. 

Borax 

glass. 

- 

Potass. 

cyanide. 

Resulting  tin. 

'l 

Grms. 

Grms. 

Per  cent. 

Grm. 

Grms. 

Grms. 

Grms. 

Grms. 

Per  cent. 

nr. 

5 

I 

1666 

I 

18 

I 

— 

3-280 

65-60 

112. 

5 

2 

28-57 

I 

21 

I 

— 

3-100 

62-00 

113- 

5 

3 

3750 

I 

24 

— 

— 

3'°35 

60-70 

1 14. 

5 

4 

44'44 

I 

27 

— 

— 

2-945 

5890 

ns- 

5 

5 

50-00 

I 

30 

Bl.  flux. 

2-565 

5I-30 

n6. 

10 

2'5 

20-00 

— 

50 

— 

5-2 

52-00 

117. 

10 

6  6 

40-00 

— 

66*4 

— 

— 

4-3 

43-00 

us. 

10 

IO’O 

50-00 

— 

80 

— 

— 

2-8 

28-00 

119. 

10 

15-0 

60-00 

— 

100 

— 

— 

i-o 

10-00 

120. 

10 

30-0 

75 ‘oo 

— 

160 

— 

— 

0-0 

0-00 

121. 

5 

I 

1666 

— 

— 

— 

24 

3'285 

65-70 

122. 

5 

2 

28-57 

— 

— 

— 

28 

3'2i5 

64-30 

123. 

5 

3 

37"5° 

— 

— 

— 

32 

3'r95 

63-90 

Table  XXIII. 


Charge. 

1 


No. 

EPS 

JU 

of 

Albite. 

Char- 

Bl.  flux 

Borax 

Potass. 

Resulting  tin. 

Resulting  alloy. 

assay, 

Ore. 

Grms. 

coal. 

Grm. 

substitute. 

Grms. 

glass. 

Grms. 

cyanide. 

Grms. 

x 

Grms.  Percent. 

Grms. 

Per  cent. 

Grms. 

Per  cent. 

124. 

5 

I 

i6-66 

I 

18 

I 

— 

— 

— 

3'475 

69-50 

125. 

5 

2 

28-57 

I 

21 

I 

— 

— 

— 

3-265 

65-20 

126. 

5 

3 

37'5° 

I 

24 

1-25 

— 

— 

— 

3*010 

60-20 

127. 

5 

4 

44'44 

I 

27 

I-50 

— 

— 

— 

2-680 

53'6o 

128. 

5 

5 

50-00 

I 

30 

2 

— 

— 

— 

3-615 

52-30 

i2g. 

5 

1 

16  66 

— 

— 

— 

24 

3-285 

65-70 

— ■ 

130. 

5 

2 

28-57 

— 

— 

— • 

28 

3'275 

65-50 

— 

— 

131- 

5 

3 

37'5° 

— 

— 

— 

32 

3-265 

6530 

— 

— 

(1).  The  quartz  used  was  the  ordinary  compad  colour¬ 
less  variety. 

The  amount  of  soft  slag  found  on  top  of  the  borax  slag 
decreased  in  proportion  to  the  percentage  of  quartz 
added,  showing  that  a  part  of  it  had  entered  into  com¬ 
bination  with  the  borax  slag.  In  assay  No.  in  it  was 
\  inch  thick,  in  No.  115  only  \  inch.  Its  strudure  was 
not  so  coarsely  crystalline  as  usual.  It  grew  finer,  and 
the  brittle  slag  became  harder  with  increase  of  silica;  the 
lustre  remained  the  same  ;  the  colour  varied  from  grey  to 
bluish  black.  The  borax  slags  increased  in  quantity  as 
quartz  was  added,  their  vitreous  character  being  some¬ 
what  impaired  by  the  silica,  and  also  their  brittleness  ; 
the  lustre  remained  uniform  ;  the  usual  olive-green  colour 
changed  somewhat  and  became  brownish.  The  buttons 
separated  well  from  their  slags,  had  the  usual  appearance, 
and  were  free  from  iron.  The  results  obtained  in  Nos. 
hi  to  115  (see  Table  XXII.)  showed  a  gradual  decrease 
in  the  amount  of  tin  recovered.  This  is,  however,  less 
than  has  been  generally  supposed  from  the  figures  of 
Berthier,  Nos.  116  to  120,  which  are  usually  quoted.* 
Berthier,f  as  the  writer  understands  it,  mixes  his  siliceous 
ore  with  four  times  the  amount  of  black  flux.  With  the 
German  method  of  charging  the  black  tin  with  67-84  per 
cent  of  tin  mixed  with  50  per  cent  of  silica  gave  5130  per 
cent  of  metallic  tin  ;  Berthier’s  black  tin  containing  70 
per  cent  of  tin,  with  the  same  addition  of  silica,  but  mixed 
with  the  flux,  gave  only  28  per  cent  of  tin,  or  24 -8  per  cent 
less  than  is  charged  as  in  the  German  method.  This 
shows  the  disadvantage  of  mixing  ore  with  basic  flux. 

In  the  cyanide  assays,  Nos.  121  to  123,  the  slags  showed 
uniformly  a  very  coarsely  crystalline  strudure  and  had  a 
strong  lustre.  They  were  as  opaque  as  usual,  and  became 
harder  with  the  increase  of  silica.  In  No.  121  only  the 
upper  rim  was  parrot-green.  This  spreads  in  No.  122  so 
as  to  cover  the  entire  surface;  it  is  \  inch  thick  at  the 


*  Mitchell,  op.  cit.,  p.  483  ;  Ricketts,  op.  cit.,  p.  87. 
f  “  Traite  des  Essais,”  1847,  vol.  ii.,  p.  485, 


circumference  and  £  inch  in  the  centre  ;  in  No.  123,  the 
thickness  is  uniformly  J  inch.  The  appearance  of  the 
buttons  is  the  same  as  if  no  silica  had  been  added.  The 
results  show  a  decrease  in  the  amount  of  tin  recovered, 
but  the  loss  is  not  so  great  as  with  the  German  assay. 

(2).  The  felspar  used  was  the  compad  albite  that 
occurs  so  generally  in  the  tin  lodes  ;  it  has  a  very  perfed 
cleavage,  shows  a  pearly  to  a  silky  lustre,  and  is  white 
with  a  tinge  of  grey. 

Salt  and  borax  slags  of  the  German  method,  Nos.  124 
to  128  (see  Table  XXIII.),  are  similar  to  those  obtained 
when  quartz  was  added  to  the  ore.  The  buttons,  how¬ 
ever,  are  surrounded  by  a  slag  that  is  more  stoney  than 
the  borax  slag  above,  and  almost  black.  It  adheres 
strongly  to  the  buttons,  and  is  liable  to  retain  particles  of 
metal.  All  the  buttons  were  dark  and  dull ;  they  were 
brittle,  hard  to  cut,  and  contained  iron,  its  presence  being 
caused  by  the  infusible  charader  of  the  albite ;  the  reduc¬ 
tion  was  prolonged,  and  the  ferric  oxide  of  the  cassiterite 
reduced  before  fusion  took  place,  and  alloyed  with  the 
metallic  tin  resulting  from  the  more  readily  reducible 
stannic  oxide.  By  examining  the  results,  Nos.  124  to 
128,  it  will  be  seen  that,  although  all  the  buttons  are 
ferruginous,  the  weight  of  the  last  four  buttons  is  too  low, 
showing  that  tin  had  also  entered  the  slag,  not  enough 
iron  being  present  to  precpitate  all  the  tin.  The  slagging 
is  assisted  by  the  intimate  contad  of  the  refradory  fel¬ 
spar  and  the  cassiterite.  Owing  to  the  charader  of  the 
charge,  stannic  oxide,  or  even  metallic  tin,  is  liable  to  be 
slagged  by  the  alkali  carbonate,  and  stannous  oxide  by  the 
silica. 

The  influence  on  potassium  cyanide  is  seen  by  Nos.  129 
to  131  (Table  XXIII.).  The  upper  white  slag  of  pure 
cyanide  with  cyanate  adheres  to  a  lower  porous  slag 
of  greenish  grey  colour,  which  encloses  the  buttons. 
These  are  white,  bright,  malleable,  easily  cut,  and  free 
from  iron.  The  amount  of  tin  lost,  even  if  37'50  per  cent 
of  albite  is  added  to  the  ore,  is  only  a  little  over  2  per  cent. 
It  is  strange  there  should  be  so  little  difference  between 


Chemical  News,  \ 
Dec.  12, 1890.  ) 


The  Dry  Assay  of  Tin  Ores. 


29$  I 


the  three  assays  which  contain  such  varying  amounts  of 
albite.  The  only  explanation  seems  to  be  that,  at  the 
low  temperature  at  which  the  assay  is  carried  out,  the 
felspar  is  not  decomposed,  but  remains  suspended  in  the 
lower  slag,  which  receives  its  greenish  tinge  from  the  iron 
of  the  cassiterite,  and  its  grey  from  the  felspar  mixed  with 
it.  If  the  lower  slag  is  boiled  in  water,  it  falls  to  pieces, 
leaving  a  residue  that  looks  very  much  like  the  original 
pulverised  albite  after  it  has  been  moistened,  except 
that  it  has  a  slight  tinge  of  green,  resulting  from  the  iron. 

(To  be  continued). 


PROCEEDINGS  OF  SOCIETIES. 


PHYSICAL  SOCIETY. 

November  28,  1890. 

Prof.  W.  E.  Ayrton,  F.R.S. ,  President,  in  the  chair. 


The  following  communications  were  made  : — 

“ Additional  Note  on  Secondary  Batteries .”  By  Dr. 

JLH.  Gladstone,  F.R.S. ,  and  W.  Hibbert,  F.I.C. 

After  referring  to  the  debateable  points  as  to  what  com¬ 
pounds  are  formed  and  decomposed  in  the  working  of 
such  batteries,  the  authors  give  the  results  of  their  ex¬ 
amination  of  the  red  substance  formed  by  the  action  of 
dilute  sulphuric  acid  or  minium,  and  which  Dr.  Frankland 
believes  to  be  a  compound  having  the  formula  Pb3S20x0. 
The  ultimate  analysis  showed  72  per  cent  of  lead.  A 
portion  of  the  substance  was  treated  with  a  3  per  cent 
solution  of  ammonium  acetate,  to  dissolve  out  any  normal 
sulphate  that  might  be  present ;  this  left  a  residue  much 
darker  in  colour  than  the  original  substance,  and  contain¬ 
ing  82  per  cent  of  lead.  Pb02  contains  86'6  per  cent  of 
lead.  The  colourless  solution  yielded  a  ratio  of  Pb  to  S04 
varying  from  2‘o  to  2-15  ;  pure  PbS04  requires  a  ratio  of 
2-i6,  and  Dr.  Frankland’s  compound  3'23.  From  these 
results  the  authors  conclude  that  the  portion  dissolved 
was  not  a  basic  sulphate,  and  that  the  evidence  tells 
against  the  original  substance  being  a  chemical  com¬ 
pound. 

The  authors  have  also  continued  their  comparative  ex¬ 
periments  on  the  action  of  spongy  lead  on  dilute  sulphuric 
acid,  either  pure  or  containing  a  small  quantity  of  sul¬ 
phate  of  soda.  After  the  experiments  had  gone  on  for 
five  months,  the  residues  were  analysed.  That  from  the 
pure  acid  showed  82  per  cent  ol  lead  sulphate  and  18  per 
cent  of  metallic  lead  ;  whilst  that  mixed  with  sodium  sul¬ 
phate  gave  89  per  cent  of  lead  sulphate  and  11  per  cent 
of  lead.  They  therefore  conclude  that  although  the  action 
of  acid  on  lead  is  initially  diminished  by  the  presence  of 
sodium  sulphate,  the  final  result  is  rather  the  other  way. 

Mr.  G.  H.  Robertson,  who  had  used  ammonium 
acetate  to  analyse  plugs  from  storage  cells,  said  he  had 
arrived  at  results  much  the  same  as  those  stated  by  the 
authors. 

Mr.  Swinburne  said  Dr.  Frankland  was  absent,  but 
without  agreeing  with  him,  he  would  suggest  that  Dr. 
Frankland  might  say  that  ammonium  acetate  decomposed 
the  sub-salt  Pb3S2Oi0,  and  then  dissolved  the  sulphate 
PbS04.  The  question  might  be  attacked  by  aCting  on 
equal  quantities  oi  the  substance  and  the  mixture 
Pb02,2PbS04,  in  a  calorimeter  with  ammonium  acetate,  to 
see  if  the  same  heat  is  produced  ;  this  would  show 
whether  the  substance  is  a  mixture  or  a  compound. 

Dr.  S.  P.  Thompson  was  glad  that  the  authors  allowed 
a  possibility  of  basic  sulphate  being  formed,  for  it  was 
well  known  that  an  almost  irreducible  sulphate  resulted 
from  leaving  a  cell  nearly  discharged  ;  this,  he  thought, 
would  point  to  a  possible  formation  of  a  basic  sulphate 
from  PbO  and  PbS04.  Mr.  Swinburne  did  not  see  where 
the  PbO  came  from,  except  in  newly  pasted  negatives 


he  knew  of  no  evidence  of  an  intermediate  stage  of  oxide 
on  the  plates.  They  appear  to  change  direCtly  to  sul¬ 
phate. 

Dr.  Thompson  said  that  a  rapid  discharge  was  known 
to  produce  basic  salts. 

This  Mr.  Swinburne  thought  due  to  deficiency  of  acid 
near  the  plates.  Peroxide,  he  said,  could  not  be  formed 
on  the  negative  without  the  acid  was  heterogeneous  and 
gave  rise  to  local  currents. 

Mr.  W.  Hibbert,  referring  to  Mr.  Swinburne’s  state¬ 
ment,  said  he  had  put  one  plate  of  spongy  lead  into  strong 
acid,  and  another  into  weak,  and  from  this  arrangement 
obtained  a  fairly  large  current.  As  regards  the  basic  sul¬ 
phate  spoken  of  by  Dr.  Thompson,  he  did  not  think  there 
was  much  probability  of  its  being  formed.  Time,  he  said, 
had  an  important  influence  on  a  discharged  cell,  and  he 
would  not  expeCt  to  easily  reduce  the  PbS04  formed  by 
the  long-continued  adtion  of  lead  on  sulphuric  acid. 

The  President  enquired  whether  Mr.  Hibbert’s  argu¬ 
ment  would  apply  to  a  fully  charged  cell. 

Mr.  Hibbert  in  reply,  said  that  in  this  case  the  time 
required  to  produce  sufficient  sulphate  to  be  irreducible 
would  be  very  much  longer,  for  in  a  partially  discharged 
cell  much  sulphate  wasalieady  formed. 

Dr.  Gladstone  said  he  had  anticipated  that  Dr. 
Frankland  would  raise  the  objedtion  referred  to  by  Mr. 
Swinburne.  As  far  as  he  was  aware,  there  was  no  diredt 
evidence  either  way,  but  he  thought  that  the  suggested 
decomposition  was  improbable.  If  he  adted  on  a  mixture 
of  Pb02  and  PbS04  he  would  expedt  to  get  the  results 
adtually  obtained.  Mixtures,  however,  were  difficult  to 
deal  with  and  the  results  not  conclusive,  for  the  physical 
condition  of  the  mixture  was  not  the  same  as  that  of  the 
adtual  produdts.  Referring  to  Dr.  Thompson’s  remarks, 
he  understood  that  it  was  the  basic  sulphate  which  he 
(Dr.  Thompson)  considered  irreducible.  Dr.  Frankland, 
however,  believed  this  sulphate  more  easily  reduced  than 
PbS04. 

The  President  remarked  that  he  thought  Dr.  Frankland 
had  two  reasons  for  his  belief  in  the  existence  of  the  basic 
sulphates.  One  of  these  was  the  difficulty  in  reducing 
normal  sulphate,  whilst  the  other  was  based  on  the  rapid 
fall  of  E.M.F.  at  a  certain  part  of  the  discharge.  It  was 
at  this  point  that  Dr.  Frankland  thought  the  new  sulphate 
formed,  and  to  meet  this  argument  it  was  necessary  to 
find  some  other  explanation  of  the  rapid  fall.  In  this 
connection  he  (the  President)  enquired  whether  there  was 
sufficient  peroxide  formed  on  the  negative  plate  to  account 
for  the  drop. 

On  this  point  Dr.  Gladstone  could  not  speak  decisively. 

“  An  Illustration  of  Ewing's  Theory  of  Magnetism.'  By 
Prof.  S.  P.  Thompson,  D.Sc.  ’ 

A  number  of  small  “  charm  ”  compasses  were  placed 
together  on  a  glass  plate  of  an  ordinary  vertical-attachment 
to  a  lantern.  A  large  magnet  at  a  distance  served  to 
neutralise  the  earth’s  yield,  and  a  coil  enabled  a 
magnetising  force  to  be  applied  in  the  plane  of  the  needles. 
By  this  apparatus  all  the  various  phenomena  exhibited  by 
Ewing’s  model  were  beautifully  shown  on  a  screen.  In 
the  course  of  his  experiments  Dr.  Thompson  had  found 
that  when  small  magnets  placed  at  moderate  distances 
apart  were  used,  it  was  much  more  necessary  to  neutralise 
the  earth’s  field,  in  order  that  they  might  set  themselves 
according  to  their  mutual  attractions,  than  when  larger 
magnets  were  emplo>ed.  A  weak  field  directed  the  small 
openly  spaced  magnets,  whereas  with  larger  ones  their 
mutual  actions  were  much  more  powerful.  This  fad  may, 
he  thought,  throw  some  light  on  the  molecular  grouping 
in  magnetite  (loadstone).  This  substance  exists  in  two 
forms,  viz.,  one  crystalline  and  the  other  of  a  hetero¬ 
geneous  structure.  Theformer varietyexhibitsno magnetic 
retentiveness,  whilst  the  latter  is  decidedly  magnetic.  As 
far  as  he  was  aware  no  sufficient  explanation  had  been 
given  of  the  non-retentiveness  of  the  crystalline  variety. 
A  difference  inthe  molecular  distances  or  groupings  might 
account  for  the  peculiarity. 
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Mr.  Boys  said  it  was  rather  curious  that  Prof.  Rucker 
had  just  devised  a  somewhat  similar  illustration  of 
Ewing’s  theory,  and  he  exhibited  it  at  the  meeting.  It 
consists  of  little  magnets  made  of  long  U-shaped  pieces 
of  watch-spring  pivoted  by  glass  caps  on  needle  points  ; 
the  needle  points  are  fixed  in  little  discs  of  lead  stuck  on 
a  sheet  of  glass  which  forms  the  base  of  a  glass  box.  An 
open  helix  surrounding  the  box  serves  to  apply  magnetic 
force. 

Mr.  Swinburne  called  attention  to  two  theoretical 
points.  First  as  regards  susceptibility  (which  he  regarded 
as  a  mere  ratio  and  not  a  property),  he  said  that  if  particles 
of  iion  at  a  high  temperature  rotate,  as  has  been  supposed, 
the  susceptibility  should  be  negative,  and  Prof.  Ewing,  he 
believed,  had  some  reason  to  think  that  this  was  the  case. 
The  next  point  concerned  the  loss  of  energy  when  an  arma¬ 
ture  rotates  in  a  strong  magnetic  field  ;  this,  he  said,  was 
known  to  be  considerable,  whereas  if  Ewing’s  theory  is 
correct  he  would  expedt  little  or  no  loss,  for  all  the  little 
magnets  would  always  put  themselves  in  the  direction  of 
the  field  and  would  never  pass  through  positions  of  un¬ 
stable  equilibrium. 

The  President  said  he  had  discussed  the  question  of 
negative  susceptibility  some  years  ago  with  Dr.  Lodge 
with  reference  to  the  drop  in  the  characteristics  of 
dynamos,  but  he  was  not  aware  that  any  diredt  evidence 
had  been  obtained. 

Prof.  Perry  thought  negative  susceptibility  might  be 
possible  in  strong  fields,  but  not  in  weak  ones. 

Mr.  Swinburne,  on  the  contrary,  considered  its  exist¬ 
ence  would  be  more  marked  in  weak  fields. 

Mr.  H.  Tomlinson  said  he  had  tried  experimentally 
whether  the  susceptibility  of  nickel,  when  heated  above 
its  critical  temperature,  was  negative,  but  he  had  not  been 
able  to  detedt  it,  although  his  apparatus  was  very  sensi¬ 
tive. 

“  The  Solution  of  a  Geometrical  Problem  in  Magnetism.” 
By  Thomas  H.  Blakesley,  M.A. 

The  problem  referred  to  was  the  following  Given  the 
two  poles  of  a  magnet  and  a  straight  line  intersecting  at 
right  angles,  its  axis  produced,  to  determine  at  what  point 
this  line  is  parallel  to  the  field.  The  question  is  of 
scientific  interest,  because  if  the  point  be  found  experi¬ 
mentally,  the  distance  between  the  virtual  poles  of  the 
magnet  can  be  determined,  whilst  it  is  important  practi¬ 
cally  from  its  bearing  on  the  deviation  of  ships’  compasses 
in  certain  cases. 

The  instances  in  which  it  would  apply  are  pointed  out 
in  the  paper. 

Assuming  the  points  m  and  n  (see  figure)  to  be  the 


positions  of  the  virtual  poles,  and  P  the  required  poin  it 
is  shown  that — 
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is  deduced. 

Now  in  hyperbolic  trigonometry  we  have  a  formula — 

cosh  30-f  cosh  Q-J  cosh  36  =  0; 

^  I  "J2.  ^  ci  ® 

hence,  making - •  =  cosh  30  we  have  also - -  =  cosh  0 
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1  he  value  of  6  can  be  then  found  by  aid  of  the  tables  of 
hyperbolic  sines  and  cosines,  compiled  by  the  author,  and 
published  recently  by  the  Society.  The  distance  d  can 
thus  be  determined  in  terms  of  m  and  n. 

A  method  of  finding  the  point  experimentally  is  then 
described,  and  the  distance  between  the  poles  (2 a)  shown 

Cl  «  ^ 

to  be  given  by  the  expression  _  =  tanh  - —  ;  where 

l  2 

— 7-  —  ,  / f  1  being  the  distance  oc.  The 
d  V  4  cosh  fi  0 

latter  function  can  be  deduced  from  the  tables  already  re¬ 
ferred  to. 

Experiment  shows  that  the  distance  between  the  virtual 
poles  soon  approaches  the  length  of  the  magnet  as  d  in¬ 
creases. 

The  strength  of  the  field  at  P  is  given  by  the  expression 

4-M-  — where  M  is  the  moment  of  the  magnet. 
d'  4  cosh2  0  -  1 

This  can  be  simplified  by  arranging  d  and  l  so  that 
cosh20=  Ji,  and  then  becomes  Ji  .  Under  these  con- 

4  8  d3 

ditions,  L  =  o^ofis,  and  therefore  the  angle  oCP  — 
40°  23'  10". 


NOTICES  OF  BOOKS. 


Decimal  Coinage;  Weights  and  Measures  Popularly 
Explained.  By  Sir  Guilford  Molesworth,  K.C.I.E. 
and  J.  Emerson  Dowson,  M.Inst.C.E.  Revised 
and  issued  by  the  Decimal  Association,  Eastcheap,  E.C. 
Kenric  B.  Murray,  Secretary. 

It  is,  in  these  days,  scarcely  possible  that  any  serious 
objection  can  be  urged  to  the  principle  of  decimal  weights, 
measures,  and  coins.  The  object  of  the  present  pamphlet 
is  to  combat  some  of  the  objedtions  to  its  introduction 
which  are  popularly  entertained.  Others,  however,  they 
overlook,  and  it  might  not  be  time  lost  were  the  Decimal 
Association  to  consider  how  these  difficulties  could  be  met 
or  avoided.  One  of  these  points  is  the  loss  to  be  incurred 
by  reducing  all  existing  measures  and  weights  to  the 
condition  of  waste  material,  and  by  throwing  aside  all 
tables  used  by  engineers,  surveyors,  &c.  For  this  we  can 
see  no  remedy :  the  loss  must  be  faced  sooner  or  later,  and 
perhaps  the  sooner  the  better. 

A  second  point  concerns  the  law  courts.  It  would  be 
very  easy  for  Parliament  to  legalise  the  metric  system. 
But  unless  it  is  made  universal  and  compulsory,  it  will 
merely  increase  the  existing  complication.  Now,  attempts 
at  uniformity  of  weights  and  measures  have  hitherto  been 
made  with  but  slender  success.  The  pound  and  the 
ounce  are,  indeed,  the  same  throughout  England,  but  the 
stone  and  the  peck  vary  within  distances  of  twenty  miles. 
It  will  be  necessary  when  we  introduce  the  metric  system 
to  make  it  penal  to  sell,  quote,  or  buy,  by  any  of  the  old 
standards.  Out  of  this,  we  fear,  a  popular  election  catch¬ 
word  would  be  manufactured  against  the  Government 
which  proposed  the  change. 

A  more  tangible  difficulty,  but  one  capable  of  being 
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removed,  lies  in  the  names  which  the  French  and  their 
followers  have  thought  proper  to  give  to  the  different 
metric  denominations.  These  names  are  all  polysyllabic, 
whilst  the  names  of  the  majority  of  our  customary  weights 
and  measures  are  monosyllables.  Here,  an  improvement 
on  the  present  guise  of  the  metric  system  is  possible. 
We  might  call,  e.g.,  the  metre,  yard,  and  the  demi-kilo- 
gramme,  pound  ;  both,  of  course,  being  a  little  larger  than 
the  present  weight  and  measure. 

Another  practical  difficulty  is  the  somewhat  pedantical 
refusal  of  the  friends  of  the  metric  system  to  make  up 
their  weights  in  any  form  other  than  in  multiples  and  sub- 
multiples  of  io.  If  we  open  a  box  of  weights  as  used  in 
the  laboratory,  we  find  the  following  pieces  : — ou,  0'2, 
o-5,  and  ro.  In  an  English  set  of  grain  weights  the  pieces 
are  i,  2,  3,  6,  10.  Now  on  trial  it  will  be  found  that  the 
English  arrangement  allows  us  to  make  up  any  desired 
weight,  on  an  average,  with  fewer  pieces  than  does  the 
French.  Many  persons  also  objed  to  the  flat  pieces  of 
metal  with  the  value  stamped  upon  them  as  being  more 
open  to  mistakes  than  the  bent  wires  used  in  English 
chemical  weights.  To  prevent  any  confusion  between, 
e.g.,  6  grains  and  o-6  grm.  the  latter  might  be  made  of 
flattened  wire. 

These  two  latter  points,  of  course,  are  mere  matters  of 
detail  which  fall  within  the  competence  of  the  makers  of 
balances  and  weights.  The  nomenclature  of  the  denomi¬ 
nations  seems  certainly  to  merit  the  attention  of  the 
Association. 


CORRESPONDENCE. 

THE  FELLOWSHIP  OF  THE  CHEMICAL 
SOCIETY. 


To  the  Editor  of  the  Chemical  News. 

Sir, — The  penultimate  paragraph  of  Mr.  Friswell’s  letter 
in  your  last  issue  emphasises  the  urgency  for  the  settle¬ 
ment  of  the  controversy  as  to  admission  of  persons  to  the 
Fellowship  of  the  Chemical  Society,  for  it  is  obvious  that 
pending  settlement  either  all  or  no  candidates  must  be 
admitted. 

It  is  therefore  to  be  regretted  that  those  taking  part  in 
the  debate  are  discussing  details  rather  than  principles 
and  imputing  motives  instead  of  ascertaining  fads. 

The  issue  is  of  the  plainest : — 

If  the  title  F.C.  S.  be  permitted  to  continue  to  confer, 
as  it  undoubtedly  does,  a  distind  advantage  on  its  pos¬ 
sessor,  causing  him  to  be  considered  a  chemist  by  the 
outside  public,  it  is  absolutely  essential  that  none  but 
perfedly  qualified  persons  shall  be  allowed  to  hold  it,  and 
the  most  drastic  employment  of  the  ballot  must  be  resorted 
to  in  order  to  check  the  admission  of  unqualified  candi¬ 
dates,  and  means  must  be  adopted  to  ejed  those  who  have 
already  been  admitted  without  due  qualification. 

If,  on  the  other  hand,  the  Chemical  Society  be  merely 
a  convenient  common  centre  for  all  interested  in  chemistry, 
whether  professional  chemists  or  the  veriest  dilettanti,  it 
is  of  the  most  urgent  necessity  that  the  pretensions  of 
those  using  their  membership  for  trade  purposes  shall 
forthwith  be  demolished  by  the  wide  and  persistent  adver¬ 
tisement  of  the  fad  that  they  have  no  qualification  what¬ 
ever.  and  that  the  letters  F.C.S.  are  absolutely  devoid  of 
significance  when  used  as  a  diploma.  There  appears  to 
be  no  possible  middle  course. 

Those  responsible  for  the  present  agitation  have  adopted 
the  first  supposition  as  their  working  hypothesis,  and  are 
bestirring  themselves  to  prevent  future  admission  of  those 
whom  they  consider  unqualified,  regardless  of  their 
illogical  position  in  not  crusading  against  those  already 
admitted. 

Those  who  do  not  agree  with  their  views  must  needs  j 
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be  anxious  for  the  prompt  execution  of  the  alternative 
policy.  Those  upholding  the  present  system  (if  any  there 
be),  accepting  the  public  estimate  of  the  high  value  of  tne 
title  F.C.S.,  wnile  bestowing  it  upon  those  who  neither 
desire  nor  deserve  to  be  considered  chemists,  convid 
themselves  of  being  either  illogical  or  dishonest. — We 
are,  See., 

A.  G.  Bloxam. 

Bertram  Blount. 


THE  FELLOWSHIP  OF  THE  CHEMICAL 
SOCIETY. 


To  the  Editor  of  the  Chemical  News. 

Sir, — It  is  greatly  to  be  regretted  that  Mr.  Friswell 
should  see  fit  to  adopt  the  tone  which  he  does  in  writing 
to  you  upon  the  above  subjed,  and  that  in  his  no  doubt 
well-meant  anxiety  for  the  welfare  of  the  Society,  he 
should  be  led  into,  what  appears  to  me  to  be,  an  inac¬ 
curacy  of  statement.  In  your  issue  of  21st  November, 
Mr.  Friswell  says  that  a  circular  recently  issued  by 
Messrs.  Lloyd  and  Teed  had  “  a  remarkable  resemblance 
in  type  and  paper  to  Chemical  Society’s  notices.”  This 
statement  amongst  others  was  denied  by  those  gentlemen 
in  your  issue  of  28th  Nevember,  and  with  their  opinion  I 
concur. 

Mr.  Friswell  now  advances  a  fresh  assumption 
with  reference  to  the  probable  number  of  supporters 
of  Messrs.  Lloyd  and  Teed  in  so  definite  a  manner 
that  he  must  surely  be  in  a  position  to  prove  the  truth  of 
this  statement.  Moreover,  as  his  word  is  questioned,  it 
becomes  his  duty,  both  to  himself  and  the  Society,  to 
substantiate  his  fads  and  figures.  If,  on  the  other  hand, 
Mr.  Friswell  should  find  that  he  has  been  misled  into 
making  an  erroneous  statement  it  would  surely  be  in 
better  taste  to  publicly  withdraw  his  accusation,  than  to 
make  a  second  statement  which  he  asks  your  readers  to 
believe  without  furnishing  the  least  evidence  in  support. 

It  is  ciearly  manifest  that  reform  in  the  method  of  ad¬ 
mission  to  the  Chemical  Society  is  needed  in  the  interests 
of  the  profession,  and  equally  obvious  that  a  subjed  ot 
such  real  importance  should  be  calmly  debated  on  its 
merits  without  the  semblance  of  acrimonious  insinuations 
or  unpleasant  personalities.  These  have  no  bearing  on 
the  issue. — I  am,  See., 

W.  J.  Livingston. 

i8,  Arbour  Street,  East  Stepney. 


CHEMICAL  NOTICES  FROM  FOREIGN 
SOURCES. 

Note.— All  degrees  of  temperature  are  Centigrade  unless  otherwise 
expressed. 

Comptes  Rendus  Hebdomadaires  des  Seances,  de  T Academic 
des  Sciences.  Vol.  cxi.,  No.  18,  November  10,  1890. 

New  Researches  on  the  Synthesis  of  Rubies.— 
E.  Fremy  and  A.  Verneuil.— The  authors  believed  that 
they  have  solved  the  problem  of  “  feeding  ”  crystals  of  ruby 
in  the  dry  way,  just  as  other  crystals  are  fed  in  the  wet 
way.  The  crucibles  are  now  heated  by  gas  fires  in  place 
of  coke.  They  often  find  amongst  their  red  crystals 
others  of  a  violet  or  a  blue  colour.  They  submitted  to  the 
Academy  crystals  red  on  one  side  and  blue  on  the  other. 
Hence.it  appears  probable  that  the  colour  of  the  ruby  and 
the  sapphire  is  due  to  one  and  the  same  metal— perhaps 
chrome  in  different  stages  of  oxidation. 

Compounds  of  Mercury  Cyanide  with  Cadmium 
Salts.  Raoul  Varet. — An  account  of  cadmium-mercury 
iodide,  bromide,  and  chloride. 


The  Fellowship  of  the  Chemical  Society. 
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The  Fluor-Spar  of  Quincie. — H.  Becquerel  and  H. 
Moissan.— Certain  varieties  of  fluor-spar,  if  pounded,  emit 
a  peculiar  odour.  The  spar  from  Quincie  pives  off  gas  of 
a  penetrating  scent,  which  recalls  that  of  ozone  and  also 
that  of  fluorine.  It  decomposes  water,  forming  hydro¬ 
fluoric  acid  and  ozonised  oxygen.  The  authors  conclude 
from  their  experiments  that  the  fluor-spar  of  Quincie  con¬ 
tains  an  occluded  gas,  which  is  observed  escaping  when 
the  mineral  is  broken  up  under  the  lens.  All  the  reactions 
of  this  fluor-spar  may  be  simply  explained  by  the  presence 
of  a  small  quantity  of  free  fluorine  among  the  occluded 
gases. 

On  the  Analysis  of  the  Hypophosphorous,  Phos¬ 
phorous,  and  Hypophosphoric  Acids. — L.  Amat. — The 
oxygen  compounds  of  phosphorus  maybe  distinguished 
from  each  other  by  their  redudive  power,  i.e.,  by  the 
quantity  of  oxygen  which  they  take  up  on  their  conversion 
into  phosphoric  acid.  For  this  determination,  there  may 
be  employed  either  mercuric  chloride,  as  proposed  and 
employed  by  H.  Rose,  or  potassium  permanganate.  The 
former  method  is  the  more  precise,  but  the  more  tedious. 

Preparation  and  Properties  of  Benzoyl  Fluoride. 
— E.  Guenez. — Benzoyl  fluoride  is  a  colourless  liquid, 
with  an  odour  more  irritating  than  that  of  benzoyl 
chloride.  It  boils  at  145°,  and  burns  easily,  with  a  smoky 
flame  edged  with  blue.  It  attacks  glass  with  very  great 
rapidity.  The  results  of  its  analysis  correspond  with  the 
theoretical  composition  of  benzoyl  fluoride. 

Synthesis  of  Citric  Acid. — A.  Haller  and  M.  Held. — 
The  authors  set  out  with  the  preparation  of  acetone-di- 
carbonic  ether,  which  they  convert  into  cyanhydrin  ;  th;s, 
again,  is  made  to  yield  citric  acid.  The  crystals  obtained 
gave  the  form,  the  taste,  and  the  general  properties  of  the 
natural  acid. 

No.  20,  November  17,  1890. 

On  the  Name  Bronze  New  Indications. — M' 
Berthelot.— The  author,  in  his  Introduction  d  la  Chimie  de5 
Anciens,  txpressed  the  opinion  that  the  name  “  bronze” 
took  its  name  from  the  town  of  Brundusium,  the  seat  of 
certain  manufactures  in  this  alloy  :  ats  Brundisinutn.  But 
in  a  manuscript  three  centuries  older,  discovered  in  the 
library  of  the  canons  of  Lucca,  and  reprinted  by  Muratori 
in  his  Antiquitates  Italicce  we  read  :  “  De  composite 
brandisii :  eramen  partes  II.,  plumbi  parte  I.,  stagni  parte 
I.”  Another  formula  in  the  same  work  prescribes : 
“eramen  partes  II.,  plumbi  partem  I.;  vitri  dimidium  et 
stagni  dimidium.  Commisces  at  conflas  ;  fund  is ;  secundum 
mensuram  vasorum  facit  et  agluten  eramenti  cum  afiini- 
tru.”  It  is  remarkable  that  the  word  vitridum  in  the 
exadt  meaning  of  vitriol  is  repeatedly  found  in  this  M.S., 
which  shows  that  the  word  is  much  more  ancient  than  the 
epoch  of  Albertus  Magnus. 

On  the  |8-Pyrazol  Dicarbonic  Acids. — M.  Maquenne. 
— The  author  has  formerly  shown  that  dinitrotartaric  acid 
reads  upon  the  »*ethylic  or  ethylic  aldehyds  in  presence 
of  ammonia,  giving  rise  to  monobasic  acids  which  heat  splits 
up  into  carbonic  acid  and  j3- pyrazol  (glyoxaline).  The 
same  readion  occurs  with  many  other  aldehyds,  and 
nitrotartaric  acid  is  a  special  reagent  for  these  bodies. 

On  a  Phenol- Acid  Derived  from  Camphor. — P. 
Cazeneuve. — The  author  has  obtained  an  acid,  the 
amethylcamphophenol  sulphuric,  which  precipitates 
quinine,  chinchonine,  brucine,  and  strychnine,  but  not 
morphine,  from  their  saline  solutions.  When  boiling  it 
reduces  gold  and  platinum  chlorides  and  ammoniacal 
silver  nitrate,  the  last  more  slowly.  It  precipitates 
gelatin,  but  not  starch  water.  It  precipitates  baryta 
water,  but  not  lime  water.  The  tannins  which  are  phenol 
acids  behave  in  a  similar  manner. 

On  the  Saponification  of  Halogenous  Organic 
Compounds.  —  C.  Chabrie.  —  The  author  concluded 
that  the  alcohols  of  higher  atomicity  might  be  obtained 
by  saponifying  their  fluorhydrines.  He  has  applied  this 
readion  successfully  to  ethylene  fluoride. 


On  the  Atftive  Starchy  Derivatives.— M.  Philippe, 
A.  Guye. — The  author  gives  a  table  of  forty  amylic  deriva¬ 
tives,  which  are  all  dextro-rotatory. 

The  Fixation  of  Gaseous  Nitrogen  by  Leguminous 
Plants. — Th.  Schlcesing,  Jum,  and  Em.  Laurent. — The 
authors  show  by  an  indired  method  of  experimenting  that 
nitrogen  is  really  gained  in  the  course  of  the  vegetation  of 
the  legumens,  and  they  prove  by  dired  methods  that  this 
gain  is  really  due  to  the  fixation  of  gaseous  nitrogen. 
M.  Berthelot  observed  that  this  memoir  seems  to  close  the 
controversy  relative  to  the  fixation  of  free  nitrogen  by  the 
joint  adion  of  the  soil,  and  of  plants  under  the  influence 
of  microbia. 

On  the  Microbian  of  the  Nodosities  of  Leguminous 
Plants. — Em.  Laurent. — The  organisms  in  question  form 
a  distind  group  intermediate  between  the  baderia  and  the 
lower  filamentous  fungi.  The  author  proposes  to  call 
them  PasturiacecE. 

No.  21,  November  24,  i8go. 

Facfts  Relative  to  the  History  of  Carbon. — Paul 
and  Leon  Schutzenberger. — If  a  slow,  regular  current  of 
pure,  dry  cyanogen  is  passed  through  a  porcelain  tube 
heated  to  cherry-redness,  it  is  very  imperfedly  decom¬ 
posed  into  carbon  and  nitrogen,  the  bulkof  the  cyanogen 
issuing  from  the  tube  unaltered.  At  a  white  red  heat  the 
decomposition  is  more  adive,  and  the  inner  surface  of  the 
tube  becomes  lined  with  a  thin,  bright,  blackish  grey 
layer,  with  a  lustre  resembling  that  of  graphite.  But  if  a 
long  boat  of  retort-coke,  dusted  over  with  powdered  cyclite, 
is  placed  in  the  hottest  part  of  the  tube,  the  decomposition 
of  the  cyanogen  is  complete,  and  the  tube  becomes  ulti¬ 
mately  stopped  up  with  a  deposit  of  blackish-grey  elastic 
filaments  matted  together.  If  a  fragment  of  aluminium 
is  placed  in  the  boat  the  carbon  deposited  in  its  neigh¬ 
bourhood  is  also  filamentous,  but  devoid  of  elasticity',  and 
assuming,  after  compression,  the  appearance  of  graphite. 
The  filiform  carbon  formed  by  the  pyrogenous  decomposi¬ 
tion  of  cyanogen  in  presence  of  vapours  of  cryolite  is  a 
peculiar  variety  of  carbon,  approximating  to,  but  not 
identical  with,  eledric  graphite.  The  property  of  forming 
oxhydrated  derivatives  capable  of  being  suddenly  destroyed 
by  heat  does  not  belong  exclusively  to  graphites  and  is 
met  with  in  certain  varieties  of  amorphous  carbon,  such 
as  retort-coke.  It  will  therefore  be  suitable  to  abandon 
the  too  exclusive  names  of  graphitic  acids  or  oxides,  and 
give  these  bodies  the  general  name  of  carbon  hydroxides. 

On  the  Artificial  Produdion  of  a  Chrome  Blue. — 
Jules  Gamier.— The  author  melts  together,  in  a  lined 
crucible — Potassium  chromate  48  64  grms.  ;  fluor-spar 
65 -o  grms.  ;  silica  I57'0  grms.  The  produd  is  a  glass  of 
a  fine  blue,  surrounded  with  a  thin  layer  of  metallic 
chromium,  which  is  capable  of  being  detached.  This 
process,  it  appears,  had  been  deposited  in  a  “  sealed 
paper”  onjune  r3,  1887. 

Researches  on  the  Application  of  Measurements 
of  Rotary  Power  to  the  Determination  of  the  Com¬ 
pounds  Formed  by  Aqueous  Solutions  of  Malic  Acid, 
with  Double  Potassium,  and  Sodium  Molybdate,  and 
Acid  Sodium  Molybdate. — D.  Gernez. — The  author’s 
results  are  given  in  the  form  of  a  table,  which  does  not 
admit  of  abridgment. 


Bulletin  de  la  Societe  Ch'unique  de  Paris. 

Series  3,  Vol.  iv.,  No.  2. 

Applications  of  the  Oleorefratftometer  of  E.  H. 
Amagat  and  F.  Jean  to  the  Detedion  of  Sophistica¬ 
tions. — Ferdinand  Jean. — This  instrument  enables  us 
to  ascertain  the  purity  of  an  oil  by  a  simple  reading 
If  the  oil  is  falsified  the  deviation  will  be  more  or  less 
removed  from  the  special  degree  of  the  pure  oil,  and 
according  as  this  deviation  is  increased  or  lessened,  we 
have  a  datum  bearing  on  the  nature  of  the  oil  fraudulently 
added.  The  indications  of  the  oleorefradometer  should 
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always  be  controlled  by  determining  the  specific  gravity 
and  the  thermic  degree  as  shown  in  the  thermoleometer. 
In  this  manner  it  is  easy  to  detedt  margarine  or  similar 
matters  to  butter,  and  to  distinguish  pure  butter  from 
sophisticated  butters.  For  the  examination  of  butter  and 
solid  fats,  such  as  tallow  and  lard,  the  oleorefradlometer 
is  regulated  always  with  the  same  standard  oil  to  the  zero 
B  of  the  scale,  the  adjustment  and  the  observations  being 
made  at  450.  Under  these  conditions  pure  butters 
deviate  — 350,  whilst  the  margarine  Mege  -  Mouries 
deviates  only  — 150.  All  the  vegetable  oils  deviate 
strongly  to  the  right,  hence  oleomargarines  containing 
oils  of  sesame  or  cotton  deviate  still  more  strongly  from 
pure  butter.  Pure  lard  gives  a  defledtion  of  — 12  5,  and 
cotton  oil  +20°.  Hence  an  addition  of  5  per  cent  cotton 
oil  is  revealed  by  a  decrease  of  2-5°  in  the  deviation  of 
the  lard.  If  the  oleofradlometer  is  adjusted  to  a  suitable 
standard  it  may  be  used  for  the  examination  of  benzenes, 
petroleums,  turpentines,  methylenes,  and  essential  oils. 

Apparatus  for  Checking  the  Results  in  Sugar 
Works. — P.  Horsin-Deon. — This  paper  requires  the 
accompanying  figure. 

Adtion  of  Camphoric  Anhydtide  upon  Benzene  in 
Presence  of  Aluminium  Chloride.  Formation  of  an 
Acid  and  Acetonic  Compound. — E.  Burcker.—  By 
causing  the  above  bodies  to  readt  under  conditions  very 
similar  to  those  which  give  rise  to  benzoyl-propionic  acids 
the  author  obtains  a  substance  agreeing  with  the  formula 
C16H20O3,  and  possessing  acid  and  acetonic  properties. 
If  separated  from  its  sodium  compound  it  forms  very  light 
crystalline  laminae,  soluble  in  absolute  alchol,  ether, 
chloroform,  and  acetic  acid,  very  sparingly  soluble  in 
benzene,  and  nearly  absolutely  insoluble  in  water.  This 
substance  melts  at  125  —  126°,  and  does  not  resume  the 
crystalline  state  if  the  melting  point  has  been  slightly 
exceeded. 

New  Apparatus  for  the  Manufacture  of  Pure 
Yeast.  —  A.  Feuerbach.  —  This  paper  requires  the 
accompanying  cut. 

Separation  and  Determination  of  Zinc  in  Presence 
of  Iron  and  Manganese.  —  J.  Riban. — This  paper 
will  be  inserted  in  full. 

New  Method  for  Measuring  the  Sugar  to  be 
used  in  Wines  intended  to  become  Effervescent 
with  a  Pressure  of  n  Atmospheres  without  fear  of 
Breakage.— E.  J.  Maumene. — The  weight  of  normal 
sugar  candy  necessary  to  produce  a  given  weight  of  car¬ 
bonic  acid  is  exadtly  known.  It  is  therefore  sufficient  to 
weigh  exactly  the  carbonic  acid  absorbed  by  the  wine  in 
question  to  produce  a  force  of  5  or  6  atmospheres  per¬ 
fectly  constant.  When  the  equilibrium  is  obtained  it  is 
easy  to  weigh  the  carbonic  acid  if  the  wine  has  been 
weighed  previously,  and  weighed  again  after  the  absorp¬ 
tion.  The  difference  gives  the  weight  of  the  carbonic 
acid  if  this  gas  is  perfectly  pure  and  anhy  drous. 

Vol.  iv.,  No.  3. 

On  the  Dissociation  of  Selenium  Tetrachloride.- — 
C.  Chabrie. — The  author,  in  opposition  to  W.  Ramsay, 
maintains  his  former  view  that  selenium  tetrachloride  is 
dissociated  into  chlorine  and  subchloride,  which  re-com¬ 
bine  in  the  cooler  parts  of  the  receiver. 

Means  of  Obtaining  Nitrogen  Hydride,  NH.-E.  J. 
Maumene. — The  author  heats  the  double  chloride  of 
platinum  and  ammonium  in  a  glass  retort  fitted  with  a 
tubulure  drawn  out  to  a  point  and  melted.  The  vapours 
are  first  directed  into  a  small  bottle,  where  they  traverse  the 
surface  of  a  known  weight  of  water,  then  through  a  tube 
containing  a  little  potassa,  and  lastly  into  a  trough  of 
water.  The  properties  of  the  compound  will  be  described 
in  a  future  communication. 

Remarks  on  the  Phenomenon  of  Coagulation. — A. 
Bechamp.— The  author  summarises  the  various  meanings 
which  chemists  have  given  to  the  word  “  coagulation,” 
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and  traces  the  history  of  the  albumenoids  of  white  of  egg. 
Passing  to  the  study  of  the  albumenoids  of  milk  he  con¬ 
cludes  that  the  isolation  of  caseine  by  acetic  acid  is  a 
phenomenon  of  displacement  and  not  a  true  coagulation. 

Revue  Universelle  des  Mines  et  de  la  Metallurgie. 

Vol.  x.,  No.  3. 

Discovery  ot  a  Deposit  of  Uranium  in  Cornwall. — 

From  the  Chemical  News. 

Vol.  xi.,  No.  1. 

Chemical  Industry  at  the  Paris  Exhibition  of  1889. 
J.  Krutwig. — A  general  review  of  the  articles  displayed  at 
this  exposition,  which,  of  course,  was  the  less  interesting  as 
one  country  exceptionally  eminent  in  some  departments 
of  chemical  industry  declined  to  recognise  the  demon¬ 
stration.  The  author  still  hopes  for  the  success  of  arti¬ 
ficial  indigo,  which  he  considers  would  be  a  great  benefit. 

Bulletin  de  la  Societe  d’ Encouragement  pour  l' Industrie 
Nationale.  Series  4,  Vol.  v. ,  No.  56. 

Report  Presented  by  M.  H.  Ee  Chatelier  on  Behalf 
of  the  Committee  of  Chemical  Arts  on  a  Memoir  by 
M.  Deval,  Relating  to  the  Assay  of  Cement  and  Hy¬ 
draulic  Lime  with  Hot  Water. — Trials  of  resistance  in 
cold  throw  no  light  on  the  quality  of  a  cement,  since 
cements  with  an  excess  of  lime,  which  is  certainly  detest¬ 
able,  resist  the  ordinary  trials  perfe&ly.  Portland 
cementsof  good  quality  made  up  into  mortar  with  one-third 
of  normal  sand,  resist  hot  water  at  8o°.  They  give,  after 
2  and  7  days  of  hardening  in  hot  water,  resistances  equal 
to  what  they  give  with  cold  water  at  the  end  of  7  and  28 
days.  Cements  which  contain  too  great  an  excess  of  free 
lime,  whether  from  defettive  burning  or  from  wrong  pro¬ 
portions,  do  not  resist  immersion  in  hot  water  after  setting 
for  24  hours.  When  the  excess  of  lime  is  less  the 
briquettes  may  resist  hot  water  after  setting  for  a  longer 
or  shorter  time.  But  in  this  case  the  resistances  in  heat 
at  the  end  of  2  and  7  days  are  much  greater  than  those 
obtained  in  the  coldafter7and28  days.  A  comparison  of  the 
resistances  in  heat  and  cold  enables  us  to  recognise  the 
presence  of  free  lime  in  cements.  The  author  recommends 
that  the  trials  should  be  made  by  immersing  the  briquettes 
in  water  at  8o°,  twenty-four  hours  after  they  have  been 
made. 

Journal  de  Pharmacie  et  de  Chirnie. 

Series  5,  Vol.  xxi.,  No.  12. 

Recognition  and  Determination  of  Starch. — A. 
Leclerc. — Starch  may  be  dissolved  out  from  other  proxi¬ 
mate  vegetable  principles,  such  as  cellulose,  fatty  and 
nitrogenous  principles,  by  means  of  neutral  zinc  chloride. 

Detection  of  Olive-Kernels  in  Pepper. — M.  Pabst. — 
Aheady  noticed. 

Determination  of  Urea. — D.  B.  Dott. — From  the 
Pharmaceutical  Journal. 

Volumetric  Determination  of  Emetine.  —  Blunt. — 
From  the  Pharmaceutical  Journal. 

The  Oxidising  and  Decolourising  Properties  of 
Animal  Charcoal. — P.  Cazeneuve. — From  the  Comptes 
Rendus. 

Preparation  of  Hydrobromic  Acid. — A.  Recoura. 

Apparatus  for  Liquefying  Chlorine. — B.  Wilcox. — 
British  Patent,  1888,  No.  13070. 

Electrolytic  Preparation  of  Zinc  and  Tin. — M. 
Burghardt. — The  process  depends  on  the  eledlrolytic 
decomposition  of  the  solution  of  an  alkaline  zinkate  or 
stannate. 

Detection  and  Separation  of  Sodium  and  Lithium. 
— J.  W.  Thomson.— Fiom  the  Pharmaceutical  Journal. 

Mineralogical  Syntheses. — W.  Bruhns. — From  the 
Bulletin  de  la  Soc,  Chimique. 
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Meetings  for  the  Week.  { So.s 


Moniteur  Scientifique,  Quesneville. 

Series  4,  Vol.  iv.,  Part  1. 

The  Colorimetric  Determination  of  Nitric  Acid  by 
Means  of  a  Sulphuric  Solution  of  Diphenylamine. — 
J.  A.  Muller  (From  the  Bulletin  de  la  Societe  Chimique). 

On  the  Attack  of  Certain  Sulphides,  such  as  Bour- 
nonite,  Red  Silver,  &c.,  with  a  Current  of  Air  charged 
with  Vapours  of  Bromine. — P.  Jannasch  [Journal fur 
Praktische  Chemie.) — Already  inserted. 

The  Attack  of  Pyrites  by  a  Current  of  Oxygen. — P. 
Jannasch  ( Journal  fur  Praktische  Chemie ). — Already 
noticed. 

Analysis  of  Wax.  — H.  Rattger. — The  author  con¬ 
cludes  that  in  the  analysis  of  bleached  wax  there  is  no 
need  to  adapt  other  normal  numbers  than  for  the  analysis 
of  yellow  wax. 

N  ew  Process  for  Utilising  the  Oxygen  of  the  Air. — 
M.  Georges  Kassner. — The  author  has  sought  to  substi¬ 
tute  for  barium  manganate  a  body  whose  oxidising  adion 
may  be  as  energetic  as  that  of  the  manganate,  which  may 
be  exerted  under  all  circumstances,  and  which  may  be  of 
an  easy  preparation.  He  has  fixed  upon  calcium  plum- 
bate. 

Use  of  Glycerin  for  Preserving  Solutions  of 
Sulphuretted  Hydrogen. — From  the  Chemical  News. 

Improved  Method  of  Obtaining  Fine  Crys  tallisa- 
tions. — H.  N.  Warren. — From  the  Chemical  News. 

Preparation  of  Chlorine  and  Oxygen  in  the  Cold  in 
the  State  of  a  Continuous  Current  by  means  ofKipp’s 
Apparatus. —  Some  time  ago  C.  Winkler  recommended  for 
preparing  chlorine  in  the  cold  a  mixture  of  calcium 
hypochlorite  and  gypsum  cast  in  sticks  ;  these  sticks  when 
solidified  are  introduced  into  a  Kipp’s  apparatus  and 
treated  with  dilute  hydrochloric  acid,  which  produces  a 
regular  escape  of  chlorine  at  the  common  temperature. 
This  process  has  been  improved  by  R  J.  Thiele,  who 
simply  submits  the  chloride  of  lime  to  energetic  compres¬ 
sion  by  means  of  a  screw  press  so  as  to  form  a  flat  cake 
which  is  broken  into  fia°ments  which  are  sufficiently 
resistant  not  to  be  liquefied  in  Kipp’s  apparatus.  The 
only  inconvenience  of  this  method  is  that  the  chlorine 
may  contain  a  little  carbon  dioxide,  but  in  most  cases 
this  impurity  has  but  slight  importance.  According  to 
Volhard  oxygen  may  be  obtained  with  the  same  apparatus 
by  causingoxygenated  water  to  adt  upon  the  hypochlorite 
prepared  as  above  described. 

Rules  for  the  Preservation  of  Antiquities. — From 
Dingler's  Journal. 

Conditions  of  the  Reaction  between  Copper  and 
Nitric  Acid. — H.  V.  Riley. — From  the  Journal  of  the 
Society  of  Chemical  Industry. 


MISCELLANEOUS. 

Royal  Institution  of  Great  Britain. — The  following 
are  the  probable  arrangements  for  the  Friday  Evening 
Meetings  before  Easter,  1891  : — 

Jan.  23rd.  The  Risht  Hon.  Lord  Rayleigh,  M.A., 
D.C.L.,  LL.D.,  F.R.S.  “  Some  Applications  of  Photo¬ 
graphy.” 

Jan.  30th.  The  Right  Hon.  Sir  Edward  Fry,  Lord 
Justice,  F.R  S.,  F.S.A.,  F.L.S.  “  British  Mosses.” 

Feb.  5th.  Professor  J.  W.  Judd,  F.R.S  ,  F.G.S.  “The 
Rejuvenescence  of  Crystals.” 

beb.  13th.  Professor  A.  Schuster,  Ph.D.,  F.R.S., 
F.R  A.S.  “  Some  Results  of  Recent  Eclipse  Expeditions.” 

Feb.  20.  Edward  Emanuel  Klein,  M  D.,  F.R.S. 
“  Infectious  Diseases,  their  Nature,  Cause,  and  Mode  of 
Spread.” 

Feb.  27th.  Percy  Fitzgerald,  Esq.,  M,A.,  F.S.A,  “The 
Art  of  Adting.” 


March  6th.  Professor  J.  A.  Fleming,  M.A.,  D.Sc. 
“  Eledtromagnetic  Repulsion.” 

March  13th.  Felix  Semon,  M.D.,  F.R.C.P.  “The 
Culture  of  the  Singing  Voice.” 

March  20th.  Professor  W.  E.  Ayrton,  F.R.S.  “  Elediric 
Meters,  Motors,  and  Money  Matters.” 

The  Smoke  Nuisance. — Meeting  at  St.  James’s 
Hall. — A  well  attended  meeting  was  held  at  St.  James’s 
Hall  on  December  5th  under  the  auspices  of  the  Balloon 
Society  of  England.  A  well  thought  out  and  interesting 
paper  was  read  by  Mr.  I.  MacIntyre,  B.A.,  upon  the 
“  Smoke  Nuisance  and  its  Solution.”  This  was  followed 
by  a  very  vigorous  discussion,  the  claims  of  many  inven¬ 
tions  being  advocated.  A  resolution  was  ultimately  put 
to  the  meeting  and  carried.  “  That  the  latest  inventions 
for  dealing  with  the  difficulty,  viz.,  Elliott’s  Smoke 
Annihilator,  now  being  exhibited  on  the  Thames  Em¬ 
bankment,  is  worthy  of  the  greatest  consideration,  and 
that  the  Government  and  the  County  Council  be  earnestly 
solicited  to  give  a  trial  to  the  same.” 


MEETINGS  FOR  THE  WEEK. 

Monday,  15th. — Society  of  Arts,  8.  (Cantor  Ledtures).  “Gaseous 
Illuminants,”  by  Prof.  Vivian  B.  Lewes. 

— —  Medical,  8.30. 

Tuesday,  16th. — Institute  of  Civil  Engineers,  8. 

-  Pathological,  8.30. 

Wednesday,  17th. — Society  of  Arts.  8.  “Impressionism  in  Photo¬ 
graphy,”  by  George  Davison. 

-  Meteorological,  7. 

-  Geological,  8. 

- -  Microscopical,  8. 

Thursday,  18th, — Chemical,  8.  “  The  Constitution  of  Hydracetic 
Acid,”  by  Dr.  N.  Collie.  “  The  Theory  of 
Dissociation  into  Ions,  and  its  Consequences,” 
by  S.  U.  Pickering.  “  Phennoic  Acid,”  by  Dr. 
A.  Colefax. 

-  Royal,  4.30. 

-  Royal  Society  Club,  6.30. 

Friday,  19th.— Quekett  Club,  8. 
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SEARCHES  ON  THE 
''OF  METALLIC  SPECTRA.* 


>  ‘  S’  ^^^>rof-  V>  SCHUMANN. 

I  have  succeeded  in  photographing  the  ultra-violet 
spedttum  beyond  1820  for  a  considerable  extent.  I  thus 
obtain  photograms  which,  if  measured  from  A1  No.  32, 
A  1852  (Cornu),  are  two  or  three  times  as  long  as  the  entire 
spedtral region  between  H  (A4861)  and  A1  No.  32.  Hydro¬ 
gen  possesses  the  greatest  photographic  energy  and  the 
most  refrangible  rays  ;  no  other  spedtrum  is  so  rich  as 
this  in  lines  in  the  extreme  ultra-violet.  These  photo¬ 
grams  can  be  taken  only  in  a  vacuum,  and  with  plates 
sensitive  for  the  ultra-violet.  All  known  photographic 
plates,  even  the  gelatin  emulsion  plates,  are  not  sensitive 
for  waves  of  very  small  wave  lengths  ;  hence  they  could, 
hitherto,  not  be  photographed.  I  have  invented  a  new 
sensitive  plate  the  photographic  maximum  of  which  lies 
in  the  most  refrangible  spedtral  region.  I  propose,  sub¬ 
sequently,  to  publish  my  process  of  preparing  these 
plates. 

During  the  last  six  weeks  I  have  been  perfecting  my 
vacuum  spedtrograph,  and  have  fitted  it  with  a  sliding 
slit  which  is  within  the  apparatus,  and  consequently  in  a 
vacuum,  but  capable  of  being  manipulated  from  without. 
For  this  purpose  the  slide  is  provided  with  two  micro¬ 
meters,  one  for  the  width  of  the  slit  and  the  other  for  its 
length.  The  edges  of  the  slit  are  absolute  edges,  and 
the  jaws  are  ground  optically  plane.  These  jaws  are 
made  of  hard  steel.  I  thus  obtain  a  very  even  slit  for  the 
light,  and  consequently  very  well-defined  spedtrograms. 
When  I  use  a  magnifying  power  of  100°  the  photograms 
taken  are  still  fit  for  measurement.  This  is  scarcely 
possible  with  other  spedtrograms  on  gelatin  plates  if 
strong  magnifying  powers  are  used. 

I  will  shortly  send  you  a  sketch  of  the  newly  discovered 
lines  of  thallium,  which  lie  beyond  the  lines  shown  in  the 
spedtrogram  which  I  have  already  sent  you.  The  taking 
of  the  photograms  of  these  new  lines  involved  especial 
difficulties,  as  the  vapours  of  thallium  oxide  arising  from 
the  passage  of  the  spark  between  the  metallic  eledtrodes 
coated  the  window  of  the  vacuum  spedtrograph,  and  ren¬ 
dered  it  opaque,  thus  keeping  back  the  effedlive  rays.  The 
air  is  so  impervious  to  the  most  refrangible  rays  that  I 
had  to  let  the  spark  strike  across  quite  close  to  the 
window.  Hydrogen  is  very  pervious,  but  the  photo¬ 
graphic  energy  of  the  spark  striking  in  this  gas  is  so  faint 
that  less  can  be  done  in  this  manner  than  in  atmospheric 
air.  Had  the  photographic  adtion  of  the  light  been 
greater  I  should  have  allowed  the  spark  to  pass  in  hydro¬ 
gen  gas. _ 

THE  ANALYSIS  OF  WATER  TO  DETERMINE 
SCALE-FORMING  INGREDIENTS.] 

By  Prof.  THOMAS  B.  STILLMAN. 

The  scale-forming  ingredients  of  a  water  are  usually 
composed  of  calcium  and  magnesium  carbonates  and 
calcium  sulphate,  and  though  an  analysis  of  a  water  for 
boiler  purposes  usually  states  the  number  of  grains  per 
gallon  of  the  above  constituents,  the  analysis  should  also 
comprise  the  determination  of  many  other  ingredients,  not 

*  Extracts  from  letters  to  the  Editor. 

+  The  Stevens  Indicator,  vol,  vii„  No.  4,  Qdt.,  1890. 


scale  forming,  that  are  necessary  to  a  proper  estimation 
of  the  former. 

This  is  especially  true  of  the  alkalies,  which  are  not 
always  determined  in  a  commercial  analysis  for  boiler 
purposes,  the  amount  of  lime,  magnesia,  chlorine,  car¬ 
bonic  and  sulphuric  acids  being  considered  a  sufficient 
index  of  the  charadter  of  the  water. 

The  alkalies  and  their  salts  rarely  form  scale  in  boilers,* 
and  so  cannot  be  classed  as  scale  forming,  yet  they  play 
fully  as  important  a  part  in  the  relation  they  sustain  to 
the  sulphuric  acid  and  chlorine. 

If  all  the  sulphuric  acid  in  a  water  were  combined  with 
the  alkalies  there  would  be  no  sulphate  of  lime  present, 
and  the  latter  would  be  eliminated  as  part  of  the  scale 
ingredients.  This  is  a  condition  rarely  occurring,  how¬ 
ever,  since  in  most  waters  a  portion  of  the  sulphuric  acid 
is  united  with  the  alkaline  earths  and  the  alkalies.  The 
indiredt  estimation  of  the  carbonic  acid  would  be  changed 
also.  That  is  to  say,  where  the  C02  is  estimated  by 
uniting  all  the  CaO  and  MgO  (left  uncombined  with  the 
S03  and  Cl)  with  C02,  it  is  evident  that  if  all  the  S03  is 
united  with  CaO,  when  a  large  portion  belonged  to  the 
alkalies,  the  amount  of  carbonate  of  lime  would  be  too 
small,  and  also  that  the  proportion  of  the  C02  would  be 
deficient  by  the  amount  required  to  saturate  the  CaO 
incorredtly  united  with  the  S03. 

There  is  nothing  in  the  usual  commercial  analysis  to 
indicate  whether  the  sulphuric  acid,  as  determined  in  the 
water,  is  all  united  with  the  lime  to  form  calcium  sul¬ 
phate  or  not ;  but  the  custom  has  been  so  to  unite  it ; 
with  the  result  that  calcium  sulphate  may  be  represented 
as  a  large  component  of  the  scale-forming  material,  when 
in  reality  none  whatever  may  be  present.  The  converse 
is  also  true.  In  a  partial  analysis  of  the  Monongahela 
River  water  ( Transactions  American  Institute  of  Mining 
Engineers,  vol.  xvii.,  page  353),  the  amounts  of  objedtion- 
able  substances,  for  boiler  use,  are  given  as  follows : — 

Parts  per  Grains  per 
100,000.  gallon. 

Total  lime .  161  =  94 

„  magnesia .  33  =  *9 

Sulphuric  acid .  210  =  122 

Chlorine  .  38  =  22 

It  states  further  the  amounts  of  carbonates  of  lime  and 
magnesia  precipitated  upon  boiling  to  be : — 

Parts  per  Grains  per 
100,000.  gallon. 

Carbonate  of  lime  ..  ..  130  =  76 

„  magnesia  ..  21  =  12-2 

The  alkalies  not  having  been  determined,  the  propor¬ 
tion  of  sulphuric  acid  combined  with  lime  becomes  pro¬ 
blematical;  in  fadt,  the  inference  is  that  there  is  none 
present,  when,  in  all  probability,  it  amounts  to  a  large 
percentage. 

Another  example  (“  Report  State  Geologist,”  New 
Jersey,  1885,  page  121),  as  is  follows: — 

Analysis  of  Water  from  Well  No.  1. 

Grains  per 
gallon. 

Chlorine,  as  chlorides  ..  ..  2-2422 

Sulphuric  acid,  as  sulphates  ..  0-3666 

Silica  ..  ..  .,  ,,  ..  ..  0-9098 

Iron  and  alumina . .  0-0233 

Lime . 2-1461 

Magnesia . 0-3965 


Alkalies  and  undetermined  matter 


6  "0845 
6-7155 


Total  solids .  12-800 

*  A  sample  of  scale,  analysed  by  the  author  in  1887,  had  the 
following  composition  Carbon,  roi  ;  Si04,  1-53  ;  A1203)  0-43  ; 
NaCl,  72-12;  KC1,  roi;  MgCl,  r7I ;  CaCl21 10-3*  5  CaS04,  H  20; 
Undetermined,  o-68;  Total,  too’oo. 
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Analysis  of  Water  from  Well  No.  2. 

Grains  per 
gallon. 

Chlorine,  as  chlorides  0.  ..  1-1955 

Sulphuric  acid,  as  sulphafes  ..  0-3091 


Silica . 0-5948 

Iron  and  alumina . 0-0233 

Lime . 3-7907 

Magnesia  . .  0-6531 


6-5665 

Alkalies  and  undetermined  matter  ..  5-5519 


Total  solids . 12-1184 


Numerous  instances  are  constantly  being  cited  in  the 
literature  of  technical  water  analyses  of  similar  incom¬ 
plete  analyses,  and  having  thus  indicated  the  necessity 
of  including  the  alkalies,  the  accompanying  scheme  has 
been  arranged  to  show  the  method  of  making  a  water 
analysis  for  boiler  purposes. 

To  show  in  detail  the  method  of  using  the  scheme,  the 
following  water  analysis  is  given.  (Preliminary  tests 
having  shown  the  water  to  contain  but  little  residue,  8 


litres  of  it  were  evaporated). 

Grms. 

Pt  capsule  and  residue  (8  litres)  ..  ..  147-460 

„  without  residue .  146-620 

Total  residue  .  0-840 

Before  ignition,  capsule  and  residue  ..  ..  147-460 

After  ,,  ,,  ,,  ••  ••  i47'I97 

Organic,  volatile  (C02,  &c.)  . .  . .  0-263 

Si02  +  crucible  .  15-970 

Crucible .  15-904 

Si02  . . , .  o-o66 


Solution  made  to  100  c.c. — 75  c.c.  for  bases,  25  c.c.  for 
S03. 


75  c.c. 

Fe203(Al203)  +  crucible  .  *5*9338 

Crucible . 15-903 


0-0308 

CaO  +  crucible  . 16-0197 

Crucible . 15*903 


CaO  ..  .  0-1167 

MgO  +  crucible  .  15-928 

Crucible  . 15*903 


MgO.,  ..  0-025 

S03. 

Crucible  and  BaS04  . 16-023 

Crucible . X5’903 


BaS04  ..  ..  . .  0-120 


The  chloride  found  by  titration  amounted  to  0-0055 
grms.  per  litre,  or  0-32  grain  per  gallon. 

Gims. 

Pt  dish  and  alkaline  sulphates  and  (MgS04)  53-370 

Pt  dish  .  cvio-7 


Sulphates  .  0-173 

Dissolved  in  H20,  made  solution  up  to  50  c.c. — 25  c.c. 
for  magnesia  determination,  and  25  c.c.  for  potash  deter¬ 
mination. 


Grms. 

Mg2P207  +  crucible  ..  ..  =  15*942 

Crucible  .  =  15*904 

Mg2P207 .  =  0-038 

0-038  X  2  =  0-076  Mg2P207 


Mg2P207  :  (MgS04)2  ::  0-076  :  X  MgS04  =  0-082  grm. 
K2Cl2Pt  Cl4,  on  tared  filters  =  0-023  grm*  corresponds 
to  0-0046  K2S04  in  the  50  c.c. 

Having  determined  the  amounts  of  sulphates  of  mag¬ 
nesium  and  potassium,  the  residue  remaining  is  sulphate 


of  sodium,  as  follows  : — 

Grm. 

Total  sulphates  ..  ..  ...  ..  ..  =  0-173 

Magnesium  sulphate  . .  ..  ,.  ..  =  0-082 


Sulphates  of  sodium  and  potassium. .  =  0-091 
Sulphate  of  potassium  .  =  0-0046 


Sulphate  of  sodium . 0-0864 

And  calculated  to  their  oxides  would  be  as  follows 

Grm.  for  Grm.  for 

75  c.c.  8  litres. 

MgO .  =  0-027  =  0-036 

Na20  ..  ..  =  0-0377  =  0-0502 

K20 .  =  0-0025  =  0-0034 


The  weights  above  obtained  are  calculated  in  terms  of 
the  total  residue,  8  litres,  and  then  converted  into  values 
corresponding  to  1  litre,  the  result  being  as  follows : — 


Grm.  per 

litre. 

Silica . 

S03  . 

Cl . 

k2o  . 

Na20 . 

MgO . 

CaO  . 

Fe203  (A1203) . 

Organic,  &c . 

. .  0-0193 

Carbonic  acid . 

Oxygen  in  excess  of  Cl.  . . 

M  0*00l6 

Total  residue  .. 

..  0-1046 

(To  be  continued). 


THE  DRY  ASSAY  OF  TIN  ORES* 

Part  II. 

By  HEINRICH  O.  HOFFMANN, 

Assistant  Professor  of  Mining  and  Metallurgy. 

(Continued  from  p.  293). 

(3).  The  mica  used  was  a  pure  white  muscovite. 

The  general  behaviour  of  the  assays,  according  to  the 
German  method,  Nos.  132  to  136  (see  Table  XXIV.),  is 
the  same  as  those  with  felspar,  the  exception  being  that 
with  50  per  cent  of  mica  only  an  incomplete  fusion  could 
be  obtained.  In  the  bottom  of  the  crucible  was  a  porous 
fritted  dark  mass,  no  tin  being  visible  ;  it  was  covered  by 
a  semi  fused  scoriaceous  spongy  mass  of  a  brown  colour. 
The  buttons  had  the  same  appearance  and  properties  as 
those  from  the  felspar  mixture.  The  results  show  a  greater 
loss  of  tin  and  a  stronger  reduction  of  iron  than  above,  the 
reason  being  that  muscovite  is  more  refradtory  in  the 
assay  than  albite. 

*  Read  at  the  Colorado  Meeting  of  the  American  Institute  of 
Mining  Engineers,  June,  1889.  From  the  Technology  Quarterly, 
Vol.  iii.,  No.  3. 
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Table  XXIV. 


No. 

Charge. 

of 

assay. 

Ore. 

Muscovite. 

Char¬ 

coal. 

Grm. 

Bl.  flux 
substitute. 
Grms. 

Borax 

glass. 

Grms. 

Potass. 

cyanide. 

Grms. 

Resulting  tin. 

Resulting  alloy. 

Grms. 

Grms. 

Per  cent. 

Grms. 

Per  cent. 

r~ 

Grms. 

Per  cent, 

132. 

5 

I 

16-66 

I 

18 

I 

— 

— 

— 

3-190 

63-80 

133- 

5 

2 

28-57 

I 

21 

I 

— 

— 

— 

3-250 

65-00 

134* 

5 

3 

37'5° 

I 

24 

i-5 

— 

— 

— 

3-200 

64-00 

135- 

5 

4 

44'44 

I 

27 

i-5 

— 

— 

— 

3-605 

72-10 

136. 

5 

5 

50-00 

I 

30 

2 

— 

— 

— 

— 

x37- 

5 

1 

1666 

— 

— 

24 

3-260 

65-20 

— 

— 

138. 

5 

2 

28-57 

— 

— 

— 

28 

3-235 

64-70 

— 

— 

x39* 

5 

3 

37-50 

~~ 

32 

3-I65 

63*30 

“ — 

— 

Table  XXV. 


No. 

Charge. 

1 

of 

Tourmaline. 

Char- 

BI.  flux 

Borax 

- - - 

Potass. 

Resulting  tin.  Resulting  alloy. 

assay. 

Ore. 

gin00 

Grms. 

Grms. 

Per  cent. 

Grm. 

Grms. 

Grms. 

Grms. 

Grms. 

Per  cent.  Grms. 

Per  cent, 

140. 

5 

I 

16-66 

I 

18 

I 

— 

— 

—  3-470 

69-40 

141. 

5 

2 

28-57 

I 

21 

I 

— 

— 

—  3-300 

66-oo 

142. 

5 

3 

37-50 

I 

24 

i-5 

— 

— 

—  3-250 

65-00 

x43- 

5 

4 

44-44 

I 

27 

i-5 

— 

— 

—  2-295 

45-90 

144. 

5 

5 

50-00 

I 

30 

2 

— 

— 

—  — 

145. 

5 

1 

16-66 

— 

— 

24 

3-285 

65-70  — 

— 

146. 

5 

2 

28-57 

— 

— 

— 

28 

3-250 

65-00  — 

— 

147. 

5 

3 

37-50 

— 

— 

— 

32 

3-235 

64-70  — 

— 

Table  XXVI. 


No. 

Charge. 

1 

of 

Garnet. 

Char- 

Bl.  flux 

Borax 

-  - - 

Potass. 

Resulting  allov. 

assay. 

Ore. 

1  rinri 

Grms. 

Grms. 

Per  cent. 

Grm. 

Grms. 

Grms. 

Grms. 

r*”  ~ — 

Grms. 

Per  cent. 

148. 

5 

I 

16-66 

I 

18 

— 

— 

3-685 

73-70 

x49- 

5 

2 

28-57 

I 

21 

— 

— 

3720 

74-40 

150. 

5 

3 

37-50 

I 

24 

— 

— 

3-695 

73-90 

15I« 

5 

4 

44-44 

I 

27 

— 

— 

3-930 

78-60 

152. 

5 

5 

50-00 

I 

30 

— 

— 

4-125 

82-50 

153* 

5 

1 

i6-66 

— 

— 

— 

24 

3-365 

67-30 

154. 

5 

2 

28-57 

— 

— 

— 

28 

3-435 

68-70 

155- 

5 

3 

37-50 

— 

— 

— 

32 

3-490 

6g-8g 

Table  XXVII 

Charge. 

» 


of 

Ore, 

Columbite. 

Char- 

Bl.  flux 

Borax 

assay. 

coal. 

substitute. 

glass. 

Grms. 

Grms. 

Per  cent. 

Grm. 

Grms. 

Grms. 

156. 

5 

I 

16-66 

I 

18 

I 

I57- 

5 

2 

28-57 

I 

21 

I 

158. 

5 

3 

37-50 

I 

24 

1-5 

159. 

5 

4 

44'44 

I 

27 

i-5 

160. 

5 

5 

50-00 

I 

30 

2 

161. 

5 

1 

16-66 

— 

— 

162. 

5 

2 

28-57 

— 

— 

— 

163. 

5 

3 

37-50 

— 

— 

— 

Potass. 

Resulting  tin. 

Resulting  alloy, 

Grms. 

Grms. 

Per  cent. 

Grms. 

Per  cent. 

— 

— 

— 

3'400 

68-00 

— 

— 

“ - 

3-605 

72-10 

— 

— 

3-775 

75-50 

— 

— 

— 

3-820 

76-40 

— 

— 

3-875 

7770 

24 

3-355 

67-10 

— 

28 

3-370 

67-40 

— 

— 

32 

3-300 

66-oo 

— 

— 

In  the  assays  with  potassium  cyanide,  Nos.  137  to  139, 
the  behaviour  of  mica  is  similar  to  that  of  felspar,  the 
mica  appearing  also  here  more  refradtory. 

(4).  The  tourmaline  pulverised  for  the  experiments  was 
the  large  black  crystal  which  occurs  so  often  with  the  tin 
ore. 

In  the  German  method,  Nos.  140  to  144  (Table  XXV.), 
the  upper  slag  is  parrot-green,  the  lower  slag  is  slightly 
vitreous,  but  quickly  becomes  stoney  with  the  increase  of 
tourmaline.  The  buttons  have  all  a  grey  surface ;  they 
dull,  brittle,  hard  to  cut,  and  ferruginous.  These  proper¬ 
ties  increase  with  ths  addition  of  tourmaline.  In  assay 
No,  124  no  complete  fusion  could  be  obtained,  and  no 
button  or  particles  of  alloy  were  visible  in  the  porous  | 
fritted  dark  mass.  The  results  show  a  loss  of  tin  increasing 


with  the  addition  of  tourmaline,  and  an  increased  amount 
of  iron  is  taken  up  by  the  tin. 

With  potassium  cyanide,  tourmaline  has  no  effedt  that 
is  essentially  different  from  that  of  previous  assays,  as  the 
slags  show  about  the  same  appearance,  and  the  buttons 
the  same  properties  and  nearly  the  same  weight. 

(5).  The  garnet  occurring  in  the  tin  deposits  is  the  iron 
garnet  (almandite).  It  has  a  brownish  red  to  fine  deep 
red  colour,  and  is  very  rich  in  iron.  This  appears  in  its 
high  specific  gravity,  4-149,  and  from  the  fadt  that,  after 
being  heated  by  itself  in  a  crucible  to  a  bright  red  heat,  it 
shows  magnetic  properties.  For  the  experiments,  trans¬ 
parent  crystals  of  a  fine  deep  red  colour  were  pulverised. 

From  Table  XXVI.  it  will  be  seen  that  no  borax  was 
added  to  the  charges  of  the  German  assay,  Nos.  148  to  152, 
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as  the  garnet  with  the  addition  of  a  small  amount  of  base 
(lime  or  alkali)  forms  a  liquid  slag.  The  salt  slags  were 
less  crystalline  than  usual,  but  otherwise  the  same  with 
the  exception  of  the  colour,  which  varied  from  light  to 
dark  red.  The  borax  slags  lost  their  vitreous  and  brittle 
character  by  the  addition  of  garnet,  became  stony  and 
tough,  and  changed  from  subtranslucent  to  opaque.  The 
colour,  a  dull  olive-green,  became  lighter,  the  last  slag, 
No.  152,  being  peacock-green.  The  buttons  were  all  a 
dull  dark  grey,  hard  to  cut,  brittle,  and  rich  in  iron.  The 
weights  obtained  in  the  first  four  assays,  Nos.  148  to  151, 
are  strikingly  close.  This  would  seem  to  show  that  about 
the  same  amount  of  iron  had  been  present  in  all  of  them, 
forming  an  alloy  of  nearly  the  same  composition,  the  rest 
of  the  iron  having  remained  in  the  slag.  The  uniformly 
well  melted  charges,  and  the  beautiful  manner  in  which 
the  one-button  separates  from  the  slag  above,  show  that,  if 
tin  is  to  be  recovered  from  siliceous  ore  as  an  alloy,  a  basic 
silicate  of  iron  is  the  best,  because  it  gives  up  the  neces¬ 
sary  iron  for  the  tin  and  also  retains  sufficient  in  combina¬ 
tion  to  form  with  the  alkali  of  the  charge  a  readily  fusible 
brittle  slag. 

In  the  cyanide  assays  the  compact  white  upper  slag 
decreases,  and  the  porous  bluish  green  lower  slag  in¬ 
creases  as  garnet  is  added  to  the  charge.  In  No.  153 
(Table  XXVI.)  the  proportions  were  half  and  half,  in  No. 
155  one  quarter  white  and  three  quarters  grey.  The 
buttons  are  all  ferruginous  and  show  the  usual  charac¬ 
teristics.  The  figures  prove  that,  although  iron  has  been 
taken  up,  tin  has  gone  into  the  slag. 

(6).  The  columbite  found  with  the  tin  ores  has  an  iron- 
black  colour  and  a  streak  that  varies  from  a  very  dark 
brown  to  a  pure  black.  The  pure  mineral  has  the  fol¬ 
lowing  composition  :* — 


Per  cent. 


Nb205  . 

FeO  . 

MnO  . 

Sn02  . 

CaO  . 

Total  . . 

ioo'88 

The  specific  gravity  varies  between  5 '89  and  6' 12.  The 
columbite  used  for  the  experiments  contained  a  small  pro¬ 
portion  of  albite. 

In  the  German  assays,  Nos.  156  to  160  (Table  XXVII.), 
the  salt  slags  were  stony  and  dull ;  their  colour,  at  first, 
a  brownish  green,  gradually  lost  the  brown,  and  became 
finally  parrot-green.  The  borax  slage  were  vitreous, 
brittle,  and  had  a  resinous  lustre,  the  colour  changing 
from  a  light  to  a  dark  olive-green.  The  buttons  were  all 
ferruginous ;  their  colour,  at  first  a  dark  grey,  became 
black.  The  results  show  that  the  amount  of  iron  reduced 
increased  with  the  percentage  of  columbite  added  to  the 
charge.  Also,  that  if  tin  ore  containing  columbite  be 
treated  on  a  large  scale,  the  columbite  will  probably  be¬ 
have  in  a  way  similar  to  the  wolframite  of  Cornwall  ores, 
where  the  iron  that  alloys  with  the  tin  is  the  principal 
cause  of  trouble,  and  not  the  tungsten  of  the  mineral 
which,  according  to  Berthier,f  may  be  present  in  con¬ 
siderable  quantities. 

In  the  experiments  with  potassium  cyanide  the  upper 
slags  showed  the  usual  properties,  the  lower  slags  were 
very  porous,  slightly  glassy,  and  had  a  dark  blue-grey 
colour.  The  porosity  increased  with  the  percentage  of 
columbite  added.  The  buttons  were  white,  bright, 
malleable,  easily  cut,  and  contained  very  little  iron  ;  from 
their  appearance  they  might  have  been  supposed  to  be  free 
from  iron,  until  especially  examined  for  this  metal.  If 
pure  cassiterite  and  pure  columbite  are  ground  together 
and  fused,  thus  intimately  mixed,  with  potassium  cyanide, 
the  iron  and  manganese  of  the  columbite  combine  with 

*  Trans.  Am.  Inst.  Mining  Engineers,  vol.  xvii.,  p.  593. 
f  “  Traite  des  Essais,”  1847,  vol.  ii.,  p.  472, 


I  the  tin,  leaving  a  yellowish  slag  which  contains  the 
1  columbic  and  tantalic  acids.* * * * § 

By  comparing  the  effect  produced  by  the  associated 
minerals  in  the  two  methods  of  assay,  we  see  that 
the  cyanide  assay  must  be  accorded  the  preference, 
although,  if  the  amount  of  associated  mineral  be  small, 
the  German  method  will  give  entirely  satisfactory  results. 

In  concentration  works,  where  several  assays  have  to 
be  made  daily,  the  question  of  cost  must  be  considered,  and 
the  cheap  German  assay  will  probably  be  preferred  to  the 
more  expensive  one,  especially  if  the  assay  is  only  made  in 
order  that  the  manager  may  know  how  pure  his  concentrates 
are.  In  questions  connected  with  the  buying  and  selling 
of  ores  or  concentrates,  the  assay  with  potassium  cyanide 
is  better,  because  the  associated  minerals  have  compara¬ 
tively  little  influence  on  it. 

(To  be  continued). 


THE  COEFFICIENT  OF  MINERAL  CON¬ 
DENSATION  IN  CHEMISTRY.f 

By  T.  STERRY  HUNT. 

i.  That  the  solid  and  liquid  mineral  species  known  to 
us  (including  under  the  designation  of  minerals  all  dis¬ 
tinct  forms  of  unorganised  matter)  are  formed  by  a  process 
of  intrinsic  condensation  or  so-called  polymerisation  from 
simpler  chemical  species,  which  are  themselves  often 
gaseous,  and,  moreover,  that  this  condensation  is  very 
considerable,  is  a  conclusion  to  which  chemists  have  been 
naturally  led.  The  problem  of  fixing  its  amount,  or,  in 
other  words,  of  determinining  the  coefficient  of  the  con¬ 
densation  which  results  in  the  production  of  such  mineral 
species,  is  one  which  must  present  itself  to  every  earnest 
student  of  chemical  physics,  but  has  nevertheless  hitherto 
been  generally  disregarded.  A  reason  for  this  negleCt  of 
the  problem  is  to  be  found  in  the  belief  that  it  does  not 
admit  of  solution,  as  may  be  shown  by  citations  from  the 
writings  of  many  eminent  chemists. 

2.  Thus  Wolcott  Gibbs  in  1877,  after  reviewing  the 
researches  of  his  predecessors,  Marignac,  Scheibler,  H. 
Deville,  and  Debray,  on  the  various  polytungstates  and 
polymolybdates,  and  his  own  important  contributions  to 
the  subject,  describes  these  various  bodies  as  salts  of 
“  complex  inorganic  acids,”  and  proceeds  to  illustrate  by 
formulae,  the  results  of  their  chemical  analysis.  Of  a 
certain  hydrated  phosphovanadotungstate  of  barium 
examined  by  him  he  declares  that  “it  has  the  highest 
molecular  weight  yet  observed,  20,058.”  By  this  we  are 
to  understand  no  more  than  that  this  number  corresponds 
to  the  simplest  chemical  formula  admissible,  for  he  further 
says,  “  We  have  no  positive  knowledge  of  the  composition 
of  these  salts,  their  molecular  weights  being,  as  in  the 
case  of  most  inorganic  compounds,  entirely  unknown,” 
adding  that  research  “  tends  constantly  to  show  that  the 
structure  of  inorganic  bodies  is  more  complex  than  was 
formerly  supposed. ”{  The  language  of  Roscoe  in  1884 
embodies  the  same  thought  when  he  speaks  of  looking 
forward  to  “  the  establishment  of  a  systematic  inorganic 
chemistry  which  need  not  fear  comparison  with  the 
organic  branch  of  our  science  ” ;  and  adds,  referring  to 
the  complex  inorganic  acids  of  Gibbs  :  “  It  is  well  to  be 
reminded  that  complexity  of  constitution  is  not  the  sole 
prerogative  of  the  carbon  compounds,  and  that  before  this 
systematisation  of  inorganic  chemistry  can  be  effected  we 
shall  have  to  come  to  terms  with  many  compounds  con¬ 
cerning  whose  composition  we  are  as  yet  wholly  in 
ignorance. ”§  It  may  be  remarked,  in  passing,  that  the 

*  Drs.  Carpenter  and  Headden,  Trans.  Am.  Inst.  Mining 
Engineers,  vol.  xvii.,  p.  633. 

f  From  the  American  Chemical  Journal  for  November,  1890,  vol. 
xii.,  No.  8. 

t  Gibbs,  “  Complex  Inorganic  Acids,”  Am.  J.  Sci.  (3),  xiv.,  61. 

§  Roscoe,  Address  to  the  Chemical  Sedlion  of  the  Brit.  Assoc.  Adv 
,  Science,  at  Montreal  in  1884;  Report,  p.  663. 
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retention  by  these  writers  of  the  old  antithesis  between 
organic  and  inorganic  chemistry,  as  distinguishing  car¬ 
bonaceous  compounds  from  other  species,  can  only  serve 
to  hinder  the  systematisation  and  the  unification  of  the 
fadts  of  the  science. 

Still  more  recently,  in  1889,  Vidor  Meyer,  in  his  address 
before  the  Association  of  German  Naturalists  and  Phy¬ 
sicians  at  Heidelberg  on  “  The  Chemical  Problems  of 
To-day,”  says  with  regard  to  the  question  of  intrinsic 
condensation :  “  We  know  to-day  very  well  that  the 
silicon  oxide  cannot  have  the  formula  Si02,  and  that  this 
must  be  multiplied  by  a  very  large  fador,  but  of  the 
numerical  value  of  this  last  we  have  no  indication.” 
Further  he  adds  :  “  We  lack  the  least  knowledge  in  regard 
to  the  true  molecular  weight  of  minerals.”* 

3.  The  dired  and  concise  language  of  Louis  Henry  of 
Louvain,  in  1879,  may  be  taken  as  a  fuller  expression  of 
the  opinions  generally  entertained  by  chemists  on  this 
subjed  up  to  the  present  time.  Having  shown  that  for 
most  oxides  of  the  elements  the  normal  forms  correspond¬ 
ing  with  the  chlorides,  as  in  the  case  of  iron,  aluminium, 
titanium,  silicon,  &c.,  are  unknown,  and  that  we  possess 
only  greatly  condensed  polymers  of  these  oxides  (RO*)», 
he  proceeds  to  inquire  :  “  What  is  the  true  value  of  n,  the 
coefficient  of  polmerisation,  or,  in  other  words,  what  is 
the  real  molecular  formula  of  these  polymeric  oxides  ? 
These  questions  are,  doubtless,  of  great  interest,  but  it 
should  be  stated  at  once  that  it  is  absolutely  impossible 
to  give  a  dired  answer.  I  do  not  know  of  any  fad  which 
would  allow  us  to  assign  an  absolute  value  to  the  co¬ 
efficient  of  polymerisation,  n.  .  .  .  So  far  as  fads  will 
permit  a  conclusion,  we  may  affirm  that  in  most  cases 
this  number  is  very  high,  though  different  for  different 
oxides.”f 

4.  The  same  important  questions  had  been  propounded 
by  the  present  writer  in  1853,  when,  after  noting  that  the 
equivalent  weights  for  volatile  bodies  are  known  from  the 
densities  of  their  vapour,  but  in  the  case  of  non-volatile 
bodies  are  assumed,  it  was  said  that  “  having  determined 
the  true  equivalent  of  a  species  from  the  density  of  its 
vapour,  the  inquiry  arises  whether  a  definite  and  constant 
relation  may  not  be  discovered  between  its  vapour-density 
and  the  specific  gravity  of  a  species  in  its  solid  state. 
Such  a  relation  being  established,  and  the  value  of  the 
condensation  in  passing  from  a  gaseous  to  a  solid  state 
being  known,  the  equivalents  of  solids,  like  those  of 
vapours,  might  be  determined  from  their  specific  gravities.” 
The  question  was  then  asked,  “  What  is  the  value  of  the 
condensation  which  takes  place  in  the  change  from  the 
gaseous  to  the  solid  state  ?  or,  in  other  words, .  what 
equivalent  corresponds  to  a  given  specific  gravity  in  any 
crystalline  solid  ?  ”  It  was  further  said  :  d  he  equivalent 
of  a  crystallised  species  may  often  be  a  multiple  of  that 
deduced  from  those  chemical  changes  which  commence 
only  with  the  destruction  of  its  crystalline  individuality.” 
This  point  was  then  illustrated  by  examples  in  the  history 

of  various  soluble  crystalline  species. J 

5.  The  question  thus  proposed  by  the  writer  in  1853, 
and  repeated  by  Louis  Henry  in  18791  was  persistently 
kept  in  view  by  the  writer,  and  discussed  at  intervals  in 
many  published  papers  until  1886,  when  he  arrived  at  what 
he  has  elsewhere  put  forth  as,  in  his  opinion,  a  simple 
and  natural  solution.  This  is  found  in  the  conclusion 
that  the  volume,  not  only  of  gases  and  vapours,  but  of  all 


*  Deutsche  Rundschau,  Nov.,  1889 ;  translated  by  L.  H,  Friedbergin 
the  J.  Am.  Chem.  Soc.,  xi.,  101.  ,  .  „  „  .  T  „  ,  „ 

+  Louis  Henry, “  Etudes  de  Chimie  Moleculaire,”  Part  I;  “  Les 
Oxides  Metalliques,”  Ann.  Soc .  Scient.  Brux.,  1879*  A  translation 
of  this,  by  Prof.  T.  Carnelley,  entitled  “The  Polymerisation  of 
Metallic  Oxides,”  appears  in  the  L,.  E.  and  D.  Philos,,  May  and 
August,  1885.  See  further  the  author’s  “New  Basis  for  Chemistry, 
pp.  117— 122;  also  Ibid.,  2nd  ed.,  p.  217,  note. 

X  il  The  Theory  of  Chemical  Changes  and  Equivalent  Volumes, 
Am.  J.  Sci March,  1853  (xv.,  226—234) ;  also  in  L.E.  and  D.  Philos. 
(4)  v.,  526;  and  in  a  German  translation  in  the  Chem.  Central.,  i»53 
(p  849).  This  paper  is  reprinted  in  the  author’s  “  Chem.  and  Geol. 
Essays”  (1874),  pp.  426-437.  See  also  “  A  New  Basis  for  Chemistry.” 
Chap.  IV. 


species,  whether  gaseous,  liquid,  or  solid,  is  constant,  and 
that  the  integral  weight — being  the  so-called  equivalent 
or  molecular  weight — varies  diredtly  as  the  density,  for 
which  he  proposes  as  the  unit  that  of  hydrogen  at  the 
standard  temperature  and  pressure  of  o°  and  760  m.m. 

In  all  cases  of  polymerisation  and  depolymerisation  of 
gases  and  vapour,  or,  in  other  words,  of  intrinsic  con¬ 
densation  and  intrinsic  expansion  at  ordinary  pressure, 
the  law  of  volumes,  so  far  as  known,  holds  good;  that  is 
to  say,  these  changes  are  subordinate  to  a  simple  ratio  of 
volumes.  This  same  law,  it  is  here  maintained,  applies 
equally  to  the  production  of  dense  vapours  of  liquids  under 
increased  pressure  at  temperatures  above  their  critical 
points.  Such  dense  vapours  are  polymers,  which,  on 
reduction  of  temperature,  pass  into  liquid  or  solid 
polymers  ;  the  law  of  condensation  by  volumes  being,  by 
the  present  hypothesis,  assumed  to  be  a  universal  one. 
The  relations  here  indicated  have  been  elsewhere  con¬ 
sidered  at  length,  when,  after  discussing  the  law  of 
volumes  in  ordinary  cases  of  condensation  or  polymerisa¬ 
tion,  it  was  said:  “All  analogy  leads  us  to  extend  this 
law  to  the  still  greater  condensations  observed  in  the 
dense  vapours  into  which  liquid  species  above  their 
critical  points  are  resolvable,  and  to  the  farther  condensa¬ 
tion  of  these  vapours  into  liquid  and  solid  forms — to 
assume,  in  fa<5t,  that  the  law  of  combination  by  volume, 
'ike  that  of  combination  by  weight  (with  which,  so  far  as 
experience  shows,  it  is  indissolubly  linked),  is  universal.”* 

If  this  assumption,  which  appears  to  be  in  accordance 
with  all  the  fadts  known,  be  admitted,  the  great  problem 
proposed,  namely  the  fixing  of  the  coefficients  of  con¬ 
densation  for  liquid  and  solid  species,  though  a  complex 
one,  is  solved. 

6.  As  a  preliminary  to  a  further  treatment  of  this 
problem  it  here  becomes  important  to  note  the  relations 
between  what  (1)  we  have  designated  respectively  as  the 
“chemical  species”  and  the  “mineral  species.”  This 
will,  moreover,  serve  to  explain  the  language  used  in  1853, 
and  cited  above  in  speaking  of  crystalline  species,  as  to 
“  those  chemical  changes  which  commence  only  with  the 
destruction  of  crystalline  individuality.”  We  may, 
perhaps,  best  approach  the  subject  by  conceiving  the 
characters  of  a  given  species  to  be  imposed  upon  matter 
by  a  force  which  is  the  form  of  that  species,  and  which 
makes  it  what  it  is.  The  permanence  of  what  we  recog¬ 
nise  as  elementary  species,  in  opposition  to  the  notion  of 
their  transmutability,  is  the  foundation  of  our  chemical 
science,  and  from  this  it  follows  that  secondary  forms  are 
imposed  upon  these,  and  present  an  ascending  series 
often  passing  through  two  or  more  chemical  forms  before 
receiving  the  mineral  form,  which  may  be  in  turn  subor¬ 
dinated  to  some  biotic  form. 

7.  These  relations  may  be  illustrated  by  well-known 
chemical  facSls :  acetic  and  formic  aldehyds  and  their 
sulphur  and  chlorine  derivatives  present  many  instructive 
cases  of  polymerism  available  for  our  purpose.  Thus 
acetaldehvd,  itself  a  very  light  and  volatile  liquid,  is 
readily  transformed  into  a  denser  and  less  volatile  species, 
paraldehyd,  which  becomes  a  crystalline  solid  at  o°, 
melting  at  io°,  and  having  a  vapour-density  equal  to 
3(C2H40),  or  three  times  that  of  the  normal  aldehyd,  into 
which,  however,  it  is  easily  changed.  The  same  aldehyd 
also  gives  a  less  fusible  crystalline  polymer,  metaldehyd, 
integral  weight  of  which,  from  the  facility  with  which  it 
reverts  without  melting  to  the  normal  vaporous  aldehyd 
is  unknown.  Again,  formaldehyd  is  a  gas  soluble  in 
water,  from  which  by  heat  it  is  in  part  expelled  and  in 
part  changed  into  a  white,  volatile,  crystalline  solid, 
insoluble  in  water,  alcohol,  or  ether,  melting  at  1520,  but 
passing  at  a  lower  temperature  into  a  gas  having  the 
density  of  the  normal  foimaldehyd.  A  similar  change  is 

*  See  “  A  New  Basis  for  Chemistry,”  in  several  chapters,  and 
further  in  chap.  XIV.  of  the  2nd  ed.  thereof.  Also  in  an  essay  on 
“  The  Foundations  of  Chemistry,”  §15 — ig,A«i.  Chem.  Journ.,x.,  344, 
from  which  the  above  extradt  is  taken,  and  Chem.  News,  lviii.,  193, 
205,  212. 
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also  effected  when  it  is  heated  with  water  under  pressure 
to  a  temperature  above  ioo°,  the  normal  aldehyd  being 
taken  into  solution.  This  insoluble  body,  which  is  some¬ 
times  called  methylene-oxide,  and  yields  another  and  a  less 
fusible  modification,  has  been  regarded  as  3(CH20),  but  its 
integral  weight  is  uncertain.  When  a  solution  of  form- 
aldehyd  is  digested  with  milk  of  lime  it  is  changed  into 
a  sugar  which  has  been  named  formose,  represented  by 
the  general  formula  of  the  glucoses,  C6Hi206  =  6(CH20). 
Indeed,  by  modifying  the  conditions  of  experiment  many 
species  of  sugar,  alike  non-fermentescible  and  fermentes- 
cible,  are  obtained  from  formic  aldehyd.  From  one  of 
the  latter,  which  has  been  designated  acrose,  and  is  a 
form  of  levulose,  it  has  been  found  possible  to  produce 
anhydrous  crystalline  dextrose,  and  thus  from  the  formic 
aldehyd  itself  to  effedt  the  synthesis  of  dextrose.* 

8.  Other  striking  examples  alike  of  isomerism  and  of 
polymerism  are  seen  in  many  hydrocarbons,  as  in  the 
terpenes  in  acetylene  and  amylene;  while  the  higher 
olefines  are  all  polymers  and  possible  homologues  of  the 
as  yet  unknown  methylene  CH2.  In  the  case  of  the 
terpenes  proper  we  have  a  large  number  of  distindt  liquid 
and  solid  species  differing  alike  in  boiling  point,  in  optical 
characteristics,  and  in  various  chemical  relations,  but 
having  a  common  vapour-density  corresponding  to  CI0Hi6. 
These  include  (i)  pinenes,  which  are  liquids  boiling  at 
156° — 1600  and  having  a  specific  gravity  of  about  0-876 
at  o°;  (2)  citrenes ;  (3)  sylvestiene;  (4)  terpilene;  all 
liquids  boiling  from  170°  to  176°  and  with  specific  gravities 
very  near  that  of  the  pinenes  ;  while  the  (5)  camphenes 
are  solid  crystalline  species.  The  various  pinenes  and 
citrenes  are  in  great  part  broken  up  by  heat  into  pentine, 
C5H8,  which  is  again  convertible  into  terpilene.  The 
various  terpenes  are,  moreover,  easily  polymerised, yielding 
denser  and  less  volatile  liquids,  including  sesquiterpenes, 
CiSH24,  and  still  higher  polymers  boiling  at  300°  and 
upwards.  Acetylene,  C2H2,  under  proper  conditions  of 
temperature,  gives  rise  to  a  number  of  polymers,  of  which 
it  suffices  to  mention  benzene,  3(C2H2),  cinnamene, 
4(C2H2),  itself  a  liquid  passing  into  a  solid  modification), 
and  retene,  g(C2H2),  a  crystalline  solid.  Of  the  higher 
olefines,  at  least  three  are  known  as  solids  at  ordinary 
temperatures,  namely,  odtodecylene,  i8(CH2),  cerotene, 
27(CH2),  and  melene,  3o(CH2),  having  melting-points  of 
from  18°  to  62°  and  specific  gravities  of  079,  o-86,  and 
0-89,  respectively,  water  being  i-oo,  The  integral  or 
so-called  molecular  weight  of  these  various  hydrocarbons 
is  known  by  the  density  of  their  vapours,  as  in  the  similar 
cases  of  the  chlorides  of  carbon,  silicon,  aluminium,  and 
iron,  and  of  the  volatile  oxides  like  those  of  carbon, 
arsenic,  sulphur,  selenium,  ruthenium,  and  osmium. 

9.  By  far  the  greater  number  of  species,  however,  are 
eitherfixed  at  high  temperatures  or  undergo  heterogeneous 
decomposition  thereby,  and  may  be  divided  into  two 
categories.  First,  those  which  are  soluble  in  water  or 
some  other  liquid,  from  which  they  can  be  recovered 
unaltered  by  change  of  temperature  or  by  evaporation  of 
the  solvent.  Such  are  the  sugars  and  a  vast  number  of 
non-volatile  hydrocarbonaceous  species,  a  great  many 
chlorides,  sulphates,  phosphates,  carbonates,  and  other 
salts,  as  also  the  elementary  solid  species,  sulphur, 
phosphorus,  and  iodine.  For  these  various  bodies  water, 
alcohol,  ether,  benzene,  acetic  acid,  carbon  disulphide,  and 
other  solvents  are  familiarly  employed.  In  the  second 
category  is  included  the  great  number  of  species  which 
are  altogether  insoluble,  or  else  are  either  decomposed  or 
enter  into  more  or  less  stable  combinations  with  their 
solvents.  Such  are  the  native  silicates,  oxides,  carbonates, 
and  sulphides  among  compounds,  and  the  various  metals 
among  elementary  species. 

10.  For  these  two  categories  of  bodies  it  is  obvious  that 
the  question  of  their  integral  or  molecular  weight  must  be 
approached  by  a  wholly  different  process  from  tnat  applied 
to  volatile  bodies.  Much  attention  has  of  late  been  given 


to  the  cryoscopic  method  of  Raoult  (with  its  modifica¬ 
tions),  which  is  applied  for  fixing  this  value  for  soluble 
non-volatile  species,  and  depends  upon  the  reduction  of 
the  temperature  of  congelation  of  the  solvent  which  takes 
place  after  the  solution  therein  of  a  known  proportion  of 
the  solid  species  to  be  examined  ;  the  dissolving  liquids 
chiefly  used  hitherto  being  water,  acetic  acid,  and  benzene. 
The  results  obtained  are  approximative,  and,  moreover, 
are  extremely  instructive  as  illustrations  of  the  subject 
now  under  consideration.  Thus,  Tollens  and  Mayer  have 
deduced  thereby  for  formaldehyd  (obtained  in  aqueous 
solution  by  effecting  the  transformation  of  the  insoluble 
formic  paraldehyd  by  heating  it  in  a  sealed  tube  with 
water  to  near  140°)  the  numbers  34  and  35,  the  calculated 
integral  or  molecular  weight  being  3o(  =  CH20).  This 
solution,  heated  in  a  water-bath,  regenerates  the  insoluble 
polymer,  but  evaporated  over  sulphuric  acid  gives  a  soft 
soluble  solid  which,  by  Raoult’s  method,  is  found  to 
correspond  to  2(CH20).  By  applying  this  same  method 
to  dextrose,  these  observers  found  the  number  1887,  the 
received  formula  for  this  and  the  other  true  glucoses 
being  C6HI2C>6(=  180) ;  while  arabinose  and  its  isomer 
xylose,  represented  by  C5Hio05(  =  150),  give  the  numbers 
155-1  and  154-1.  For  cane  sugar  and  for  laCtose,  which, 
with  many  other  sugars,  belong  to  the  diglucosic  type, 
designated  as  saccharose  and  represented  by — 

Ci2H22Oii(  =  342), 

they  found,  by  the  method  of  Raoult,  numbers  which 
sustain  this  formula.  For  the  sugar  named  raffinose, 
which  occurs  with  saccharose  in  certain  syrups,  three 
formulae,  with  Cg,  Ci2,  and  C^s  respectively,  have  been 
proposed.  The  latter,  making  it  a  triglucosic  sugar,  is 
CI8H320i6.5H20(  =  5g4),  and  experiments  by  the  cryo¬ 
scopic  method  gave  numbers  from  544  to  644,  thus  sustain¬ 
ing  the  triglucosic  character,  and  showing  at  the  same  time 
that  the  range  of  error  due  to  the  necessary  imperfections 
of  the  process  is  not  inconsiderable. 

11.  The  recent  application  of  this  method  to  various 
uncrystalline  amyloid  bodies  has  given  further  results  of 
great  interest.  The  studies  by  many  investigators  of  the 
hydrolysis  of  starch  had  already  led  to  the  conclusion 
that  its  constitution  is  far  more  complex  than  is  indicated 
by  the  ancient  formula  C6Hi005.  The  first  aCtion  of  cold 
dilute  acids  thereon  changes  it  into  the  so-called  soluble 
starch,  which  by  hydrolysis  is  slowly  converted  into 
amylodextrine,  with  the  production  of  a  portion  of 
dextrose.  The  action  of  diastase,  in  like  manner,  by 
successive  stages  in  hydrolysis,  gives  rise  to  maltose  and 
other  forms  of  dextrine.  By  Raoult’s  method  maltodex- 
trine  gives  numbers  closely  approximating — 

Ci2H220h-(-  (Ci2H200IO)2(  =  9go), 
and  amylodextrine, 

CI2H22Oh  +  (Cx2H20Oio)6(  =  2286)  ; 

inulin  having  a  composition  intermediate  between  the  two. 
Raoult’s  method  could  not  be  applied  to  starch  paste,  but 
with  soluble  starch  the  depression  in  temperature  produced, 
though  slight,  conesponded  in  a  number  of  experiments 
to  integral  weights  varying  from  20,000  to  30,000. 
Messrs.  Brown  and  Morris,  to  whom  we  owe  these  late 
investigations,  are  led  to  assign  to  soluble  starch  the 
formula  5(Ci2H2oOI0)2o(  =  32,4Oo),  thus  multiplying  the 
old  empirical  formula  C6Hio05  by  200.  By  the  author’s 
hypothesis,  however,  as  re-stated  in  §5  of  the  present  paper, 
the  highest  integral  weights  compatible  with  the  observed 
specific  gravities  of  starch  and  other  amyloid  bodies  are 
approximately  32,000,  and  it  therefore  seems  probable 
that  the  so-called  soluble  starch,  which  is  apparently  the 
first  product  of  the  depolymerisation  of  true  starch,  should 
be  represented  by  some  simple  fraction,  perhaps  one-half 
the  above,  leading  to  an  integral  weight  for  soluble  starch 
of  16,200.  The  above  formula  of  Brown  and  Morris, 
equal  to  20o(C6Hio05),  will  then  represent  starch  itself, 
with  an  integral  weight  of  32,360  (0  =  15-96)  and  a 
theoretical  specific  gravity  of  1-509.  The  recent  examina- 


'*  Fischer,  Ber.  d.  chem.  Ges.,  xxiii.,  372,  cited  in  Am,  Chem,  Journ., 
JCii.,  357—364- 
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tion  by  Sebaneeff  of  glycogen  by  Raoult’s  method  leads 
to  the  formula  (C6Hi005)io(  =  i62o). 

12.  It  will  now  be  sufficiently  evident  that  the  values 
got  by  Raoult’s  method  are  not  the  integral  or  so-called 
molecular  weights  of  the  solid  species  themselves,  or 
what  we  have  designated  mineral  species,  but  of  the 
chemical  species  which  result  from  the  depolymerisation  of 
these,  and  which  pass  into  solution.  These  values, 
moreover,  bear  no  obvious  relations  to  the  specific 
gravities  of  these  solid  species,  as  appears  when  we 
compare  sugars  like  xylose,  dextrose,  saccharose,  and 
raffinose  with  each  other,  and  with  the  dextrenes  and 
soluble  starch ;  bodies  which  with  such  widely  different 
integral  weights  in  solution  have  almost  identical  specific 
gravities  in  the  solid  state.  It  is,  in  the  language  of  the 
atomistic  school,  “the  molecular  mass”  of  the  dissolved 
substance  which  we  determine  by  Raoult’s  method,  and 
not  that  of  the  solid  or  liquid  mineral  species,  from  the 
depolymerisation  of  which,  in  the  process  of  solution,  is 
derived  the  chemical  species  ;  the  molecular  or,  in  other 
words,  the  integral  weight  of  which  (H  =  i)  may  vary 
widely  in  bodies  nearly  allied,  as  in  hydrocarbons  of 
identical  centesimal  constitution,  different  sugars,  and 
certain  amyloid  substances.  The  total  mineral  condensa¬ 
tion  in  such  cases  being  essentially  the  same,  the  question 
is  whether  the  depolymerisation  or  homogeneous  dis¬ 
integration  which  takes  place  in  vapourisation  or  in 
solution  shall  resolve  the  mineral  species  into  a  greater 
or  less  number  of  chemical  species. 

Chemical  species  probably  never  assume  liquid  or  solid 
forms.  They  are  either  vapours  or  gases,  which  by 
intrinsic  condensation  (polymerisation)  pass  into  liquids 
or  solids,  or  else,  if  their  integral  weight  is  too  great  to 
permit  their  existence  in  a  gaseous  condition  at  ordinary 
temperatures,  unite  with  water,  forming  liquid  hydrates, 
from  which  they  separate,  after  a  longer  or  shorter  time, 
in  solid  or,  more  rarely,  in  liquid  hydrated  or  anhydrous 
species.  The  appearance  of  such  solid  or  liquid  bodies 
in  the  midst  of  an  aqueous  solution  marks  the  passage  of 
the  dissolved  chemical  species  by  polymerisation  into  a 
mineral  species  :  a  process  often  favoured  by  mechanical 
agencies  or  by  change  of  temperature. 

13.  The  significance  of  these  relations  is  made  more 
apparent  by  the  writer’s  theory  of  solution,  according  to 
which  there  are  formed  in  the  process  of  aqueous  solution 
definite  compounds  of  the  dissolved  matters  with  water, 
accompanied  with  all  the  phenomena  of  chemical  union  ; 
the  further  addition  of  water  thereto  giving  rise  either  to 
new  chemical  arrangements  of  the  substances  present,  ot¬ 
to  simple  admixtures  of  one  definite  solution  or  liquid 
species  with  another  of  unlike  density.  Examples  of  such 
admixtures  of  aqueous  solutions  are  seen  in  the  case  of 
phenol  and  water,  which  when  heated  mix  in  all  propor¬ 
tions,  but  on  cooling  separate  into  two  layers,  the  lower 
a  solution  of  phenol  in  water,  and  the  upper  a  solution  of 
water  in  phenol.  Aniline  and  many  other  bodies  present 
similar  reactions  with  water  below  100°  C.,  and  like  results 
are  got  through  the  agency  of  pressure  at  still  higher 
temperatures.  Thus  salicylic  acid  heated  with  water  in  a 
sealed  tube  above  100°  gives  a  solution  which  separates 
suddenly,  on  cooling  to  910,  into  two  layers,  each  of 
which,  according  to  Alexeef,*  grows  turbid  independently 
as  cooling  goes  on.  Similar  separations  of  liquids  have 
been  noticed  by  Hannay  and  Hogarth  in  the  case  of 
alcoholic  solutions  of  calcic  chloride  and  ferric  chloride, 
under  pressure.  Moreover,  the  spontaneous  separation, 
long  suspedted,  of  many  saline  solutions  into  layers  of 
unlike  density  through  the  influence  of  gravity,  has  been 
confirmed  by  the  studies  of  Bodlander  and  the  more 
recent  ones  of  Traube  and  Neuberg.  The  conversion  of 
denser  solutions  into  solid  hydrous  species  is  in  many 
cases  but  a  question  of  temperature.  Liquidity  is  only  an 
accident  of  solution.  Not  only  is  all  solution  chemical 
union,  but  “  all  chemical  union  is  nothing  else  than 


solution.  The  resulting  species  are,  as  it  were,  dissolved 
in  each  other,  for  solution  is  mutual.”  All  precipitation 
and  all  crystallisation  from  solution  thus  involve  chemical 
change,  and  all  chemical  species  may  theoretically  exist 
in  soluble  states,  from  which  they  pass  into  polymeric 
mineral  species,  often  insoluble.* 

14.  A  given  chemical  species,  whether  elementary  or 
complex  in  constitution,  may  in  some  cases  pass  through 
two  or  more  higher  chemical  forms ,  by  successive  con¬ 
densations,  until  at  last  it  assumes  a  mineral  form  as  a 
liquid  or  a  solid  species,  which  in  the  latter  case  may 
either  be  colloidal,  or  may  take  on  a  crystalline  shape  ; 
the  whole  process,  from  the  simplest  chemical  form,  con¬ 
stituting  an  ascending  series,  in  which  the  older  and 
simpler  forms  are  not  lost  but  latent.  It  is  to  the  converse 
of  this  process,  or,  in  other  words,  to  the  depolymerisation 
by  solution  of  solid  mineral  forms,  that  reference  was  had 
when,  in  1853,  the  writer  insisted  upon  “those  chemical 
changes  which  commence  only  with  the  destruction  of 
crystalline  individuality,”  as  quoted  above  in  §4 ;  or,  in 
other  words,  to  the  breaking  up  of  mineral  species  by 
solution  into  chemical  species. 

15.  The  mineral  form  itself  is,  however,  in  many  cases 
subject  to  other  changes,  since  the  solid  species  may 
undergo  alterations  in  density,  in  hardness,  in  fusibility 
and  in  crystalline  shape  without  passing  by  a  process  of 
fusion  or  solution.  Thus,  for  example,  of  the  many 
allotropic  phases  of  solid  sulphur  we  may  designate  three 
as  the  plastic  amorphous  or  colloidal,  the  clinorhombic 
and  the  orthorhombic.  Of  these,  the  first  two  pass 
spontaneously  after  a  time  into  the  denser  and  more 
stable  orthorhombic  state,  an  alteration  which,  as  Spring 
has  shown,  is  accelerated  by  pressure.  A  still  more 
striking  case  is  found  in  tin,  the  gray  brittle  form  of  which, 
with  a  density  of  5-8  by  gentle  heat,  concussion,  or 
momentary  pressure,  passes  into  the  white  malleable 
species  with  the  density  7-3,  and  may  again  by  consider¬ 
able  reduction  of  temperature  revert  to  the  lighter  brittle 
species.  So  the  orthorhombic  calcium  carbonate, 
aragonite,  is,  at  a  low  red  heat,  transformed  into  the 
lighter  rhombohedral  form,  calcite.  Ice,  moreover,  at  o° 
passes  by  pressure  into  liquid  water,  with  a  considerable 
increase  of  density  (as  in  the  case  of  tin) ;  the  transforma¬ 
tions  of  the  two  species  being  readily  repeated  by  slight 
variations  of  temperature  or  of  pressure.  It  would  be 
easy  to  multiply  instances  of  such  changes  of  mineral 
form. 

16.  In  the  case  of  insoluble  non-volatile  solids  like  tin 
and  calcium  carbonate  we  are  precluded  from  the  use 
alike  of  the  vapour-density  and  the  cryoscopic  method  as 
means  of  fixing  the  integral  weight  of  the  chemical  species 
which  by  its  polymerisation  gives  rise  to  the  mineral 
species  in  question.  We  may  add  that  even  were  the 
conditions  such  as  to  permit  the  application  of  either  of 
these  methods  the  presence  of  possible  admixtures  of 
different  polymers  might  give  rise  to  difficulties  in  their 
application,  especially  in  cases  where  it  is  known  that 
such  polymers  may  have  been  simultaneously  formed. 
Thus,  for  example,  among  the  many  polymers  generated 
by  the  intrinsic  condensation  of  acetylene,  three,  namely 
retene  (C2H2)g,  cinnamene  (C2H2)4, — or  rather  its  solid 
allotrope,  metacinnamene — and  benzene  (C2H2)3,  are  all 
solids  at  temperatures  above  0°.  An  admixture  of  two  or 
more  of  these  might  well  have  a  fusing-point  which  would 
tend  to  confound  it  with  some  intermediate  species. 
Again,  among  the  higher  olefines,  (CH2)»,  three  of  which 
have  been  mentioned  above  (§8),  odtodecylene  (n  — 18), 
melts  at  18°  and  has  a  density  of  0-79;  cerotene  (»  =  27) 
melts  at  58°  and  has  a  density  of  o-86 ;  while  melene 


*  These  views,  set  forth  in  1853,  and  more  fully  in  1855,  in  “  Thoughts 
on  Solution  and  the  Chemical  Process Am.  J.  Sci.  (II.),  xix.,  :oo 
— 103,  and  Chemical  Gazette  for  1855,  p.  gz,  are  reinfoiced  in  the 
“  New  Basis  for  Chemistry,”  pp.  gs — gg,  and  in  “  The  Theory  of 
Solution,”  Brit.  Assoc.  Adv.  Science,  Sec.  B,  1888;  Chem.  News, 
Iviii.,  151.  See  also  “  Mineral  Physiology,  &c.,”  pp.  167 — 169. 
Similar  views  have  since  1886  been  put  forward  by  Mendeleeff, 


*  Bull.  Soc.  Chim.,  II.,  xxxviii.,  145. 
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[n  =  30)  melts  at  62°  and  has  a  density  of  o'8g.  Mixtures 
of  any  two  of  these  would  give  rise  to  uncertainties  like 
those  which  we  have  imagined  in  the  case  of  the  solid 
polymers  of  acetylene.  In  both  these  examples,  it  is  true, 
separation  of  the  intermingled  hydrocarbons  might  be 
effedled  by  differences  in  the  solubility  and  the  volatility 
of  the  polymeric  species;  but  in  other  cases  we  have  to 
deal  with  bodies  alike  non  volatile  and  insoluble,  the 
problem  becomes  far  more  difficult.  It  is  evident  that, 
while  in  the  case  of  gases  and  vapours  the  density  varies 
dire&ly  as  the  integral  weight  of  the  chemical  species,  no 
such  rule  holds  good  in  solids  and  liquids.  This  is  well 
illustrated  in  the  case  of  the  three  solid  olefines  just 
named,  having,  with  small  variations  of  density,  integral 
weights  for  the  chemical  species  which  are  to  each  other 
as  18  :  27  :  30,  and  also  in  that  of  the  glucosic,  diglucosic, 
and  triglucosic  sugars,  having  for  the  chemical  species 
integral  weights  nearly  as  1:2:3,  yet  with  specific 
gravities  for  the  solid  or  mineral  species  which  are  almost 
identical. 

17.  Among  native  mineral  species  there  are  not  wanting 
instances  of  such  mixtures,  a  good  example  being  seen  in 
the  disulphide  of  iron,  which  constitutes  alike  the  ortho¬ 
rhombic  species  marcasite,  and  the  isometric  species 
pyrite.  Multiplied  observations  of  specimens  of  the  latter 
species  by  various  skilled  naturalists  show  that  its  specific 
gravity  may  vary  from  4  80  to  5-oo  and  even  5'i5  and  5^20 
for  well-defined  pyritohedral  crystals.  On  the  other  hand, 
marcasite  itself  may  vary  in  specific  gravity  from  475  to 
about  5'oo  (4787),  with  a  hardness  on  the  scale  of  Mohs 
of  6'o — 6-5  ;  while  the  denser  isometric  species  attains 
6’5 — 7-o.  The  latter  strikes  fire  strongly  with  steel,  giving 
a  faint  sulphurous  odour;  marcasite,  on  the  contrary, 
feebly,  giving  a  strong  odour.  Differences  in  colour  and 
texture  also  distinguish  the  denser  from  the  lighter  sul¬ 
phide.  A.  A.  Julien,  who  has  lately  examined  this 
question  with  great  care,  concludes  that  we  have  in  these 
minerals  of  intermediate  density  an  intermingling  of  two 
disulphides  of  unlike  degrees  of  condensation.  Each  of 
these  species  would  thus  be  dimorphous,  and  might  in¬ 
clude  admixtures  of  the  other.*  It  is  difficult  to  conceive 
any  other  explanation  of  these  fadls,  which  are  precisely  1 
what  we  should  expedt  in  the  case  of  admixtures  of 
polymeric  bodies  like  the  hydrocarbons  noted  above.  It 
will  be  found  that  an  admixture  of  three  parts  of  a  disul¬ 
phide  of  iron,  sp.  gr.  5'i8,  and  two  parts  of  one  of  sp.  gr. 
4'75,  would  give  a  mean  sp.  gr.  of  5-oo,  which  is  that  ; 
assigned  by  many  observers  to  pyrite,  and  very  near  the  \ 
maximum  specific  gravity  of  marcasite. 

Similar  differences  in  density  are  met  with  among  the 
orthorhombic  and  isometric  arsenides  of  cobalt,  nickel, 
and  iron,  represented  by  the  general  formula  MAs2,  as 
shown  in  safflorite  and  smaltite,  verified  by  the  recent 
studies  of  MacCay.  Another  example  of  the  kind, 
uncomplicated  by  the  question  of  dimorphism,  is  seen  in 
sodium  chloride.  Several  careful  observers  concur  in 
giving  for  specimens  of  this  substance  at  ordinary  tem¬ 
peratures  a  specific  gravity  of  about  2^25  (2-20,  2^23,  2  26) ; 
and  others,  apparently  equally  worthy  of  confidence,  have 
found  about  2'oo  (2’oi,  2-03,  2,o6,2'o8),  while  the  greater 
number  of  observations  range  from  2'i4  to  2’20.  These 
wide  variations  in  density  in  such  a  familiar  species  are 
the  more  remarkable  for  the  reason  that  the  chlorides  of 
potassium  and  ammonium  present  no  such  notable  varia¬ 
tions.  A  similar  condition  of  things  is  apparent  in  crystals 
of  zircon,  and  many  other  cases  might  be  cited  showing 
that  we  have,  as  in  the  case  of  the  iron  disulphides, 
variable  admixtures  of  two  mineral  species  with  the  same 
centesimal  composition  but  of  unlike  condensation. 

18.  It  will  now  be  apparent  that  we  have  to  deal  with 
processes  of  condensation  belonging  alike  to  chemical 
species  and  to  mineral  species.  Thus,  for  example,  with 
acetylene,  pentine,  and  their  polymers,  we  have  in  each 
case  chemical  species  having  a  common  centesimal  com- 

*  A.  A.  Julien,  N.  Y.  Acad.  Sci.,  1886,1887,  vol  iii.,  No.  12,  iv., 
Nos.  3  5.6,7 


position  with  widely  different  coefficients  of  chemical 
condensation,  as  is  apparent  when  we  compare  their 
vapour-densities  ;  which,  moreover,  present  no  simple  or 
apparent  relations  to  their  specific  gravities  in  the  liquid 
or  solid  state.  We  may  recall  in  this  connection  the 
already  cited  case  of  formaldehyd,  of  which  the  equiva¬ 
lent  weight  is  fixed  by  its  vapour-density  as  well  as  by 
Raoult’s  method,  with  those  of  xylose,  glucose,  and  the 
related  sugars  and  amyloid  bodies  ;  species  for  which  the 
chemical  condensation  presents  a  very  wide  range.  In 
these  cases  we  are  enabled  by  vapour-density,  by  the 
cryoscopic  method,  or  else  by  diredt  chemical  analysis,  to 
determine  the  minimum  value  of  the  chemical  integer, 
and  in  this  latter  way  we  are  led  to  assign  in  many  cases 
very  elevated  numbers,  as  seen  in  such  compounds  as  the 
cobaltamine  salts  and  the  polytungstates,  the  simplest 
admissible  formulae  of  which  give  integral  weights  of 
thousands  or  tens  of  thousands. 

(To  be  continued). 


PROCEEDINGS  OF  SOCIETIES. 


CHEMICAL  SOCIETY. 

Ordinary  Meeting,  December  4th,  i8go. 

Dr.  W.  J.  Russell,  F.R.S.,  President,  in  the  Chair. 

Certificates  were  read  for  the  first  time  in  favour  of 
Messrs.  Charles  Henry  Corbett,  Barnard  Castle  ;  Hendrick 
Thomas  Donovan,  Crumpton  Street,  Bridgetown,  Barba- 
does  ;  Henry  Charles  Jenkins,  Lome  Villa,  Iveson  Road, 
Hampstead  ;  William  Motley  Martin,  Cardrew,  Redruth  ; 
Arnold  Whitaker  Oxford,  8,  Henrietta  Street,  Cavendish 
Square,  W.  ;  Frederick  William  De  Veiling,  High  Street, 
Heckmondwike,  Yorkshire ;  Herbert  D.  Shaw,  Castle 
Mount,  Sandal,  nr.  Wakefield  ;  R.  Stockdale,  The 
Grammar  School,  Leeds  ;  Kenelm  Edward  Symes, 
Magdalen  House,  Bridport,  Dorset. 

The  following  were  eledted  Fellows  of  the  Society: — 
Messrs.  Gustavus  Anthony  Abrines  ;  John  Thomas 
Brierley;  William  J.  Butcher;  Wiiliam  Waters  Butler; 
Frank  Brownsword  ;  M.  Kelway  Bamber;  Ernest  Bentz  ; 
W.  E.  B.  Blenkinsop  ;  Thomas  Arthur  Cheetham ;  Arthur 
William  Crosskey ;  Arthur  William  Cooke;  William  L. 
Dudley ;  Thomas  S.  Goodwin ;  Alfred  Henry  Green ; 
William  Mahowe  Heller  ;  John  Richard  Jackson  ;  Joseph 
Lunt  ;  Harry  C.  Myers ;  William  Mackeay ;  Thomas 
Smith  Murray  ;  William  Reginald  Ormandy  ;  James 
Alexander  Pond  ;  Thomas  Platts ;  G.  H.  Robertson ; 
Ernest  Henry  Sainter;  Thomas  Steel;  John  Joseph  Sud- 
borough  ;  Charles  Thomas  Sprayne ;  Francis  Henry 
Tate  ;  George  Henry  Wadsworth  ;  Sidney  Wood  ;  George 
Young. 

The  following  papers  were  read  : — 

g5.  “  The  Action  of  Heat  on  Ethylic  fi-Amidocrotonate .” 
Part  I.  By  J.  Norman  Collie,  University  College, 
London. 

Some  years  ago,  whilst  working  with  ethylic 
amidocrotonate,  the  author  noticed  that  during  its  purifi¬ 
cation  by  distillation  under  reduced  pressure  a  crystalline 
compound  of  the  formula — 

CIOHI3N03  =  2C6HhN02  -  NH3  -  C2H60 

was  always  produced  in  small  quantities,  and  remained  be¬ 
hind  in  the  tradtionating  flask.  This  condensation  produdt 
was  found  to  be  the  ethylic  salt  of  an  acid  CsHgN03, 
which  from  its  properties  was  considered  to  be  the  mono- 
carboxylic  acid  of  a  hydroxylutidine.  Owing  to  the  small 
quantities  obtained,  the  investigation  was  carried  no 
further.  Since  tfien,  having  had  to  work  with  large 
amounts  of  ethylic  /3-amidocrotonate,  a  further  supply  of 
the  condensation  compound  has  been  obtained,  and  a 
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more  exaCt  study  of  its  derivatives  has  been  possible.  The 
author  now  finds  that  the  acid  is  not  a  hydroxyl  derivative 
of  lutidine,  but  lutidomenocarboxylic  acid,  for  on  heating 
it  yields  carbon  dioxide  and  lutidone  or  aa’-dimethyl- 
pyridone.  This  partial  decomposition  by  heat  of  ethylic 
y3-amidocrotonate  is  therefore  very  similar  to  that  which 
ethylic  acetoacetate  undergoes  in  its  conversion  into 
dehydracetic  acid  during  distillation  :  — 

2C6H1003  ;=  C8H804  +  2C2H5OH. 

Feist  in  his  interesting  paper  on  dehydracetic  adid 
(Annalen,  cclvii.,  253)  has  shown  that  it  is  easily  converted 
into  dimethylpyronecarboxylic  acid,  the  oxygen  analogue 
of  dimethylpyridonecarboxylic  acid  : — 

ch3-c— o— c-ch3  ch3-c-nh-c-ch3 

II  I!  •  I!  I! 

COOH-C-CO-CH  COOEfC-COCH 

Dimethylpyronecarboxylic  Dimethylpyridonemonocarboxylic 
acid,  ethyl  ether. 

Ethylic  lutidonemonocarboxylate  does  not  decompose 
when  boiled  with  caustic  soda,  but  is  merely  hydtolysed 
and  converted  into  the  sodium  salt  of  the  acid  ;  with 
phenylhydrazine  and  hydroxylamine  it  also  does  not  form 
any  compounds,  and  thus  differs  from  dehydracetic  acid. 
With  bromine  it  forms  a  monobrominated  derivative, 
CioHi2N03Br,  and  with  pentachloride  of  phosphorus  the 
compound  Ci0Hi2N02C1.  The  acid  obtained  from  the 
sodium  salt  melts  at  2470  C.,  decomposing  at  the  same 
time  into  carbon  dioxide  and  a  compound  which  agrees  in 
every  respeCt  with  the  aa'-dimethylpyridone,  C7H9NO, 
obtained  by  Haitinger  from  dehydracetic  acid,  and  also 
by  Conrad  and  Geutzeit  by  heating  lutidonedicarboxylic 
acid.  This  lutidone  when  heated  with  zinc-dust  yields, 
according  to  Haitinger,  aa'-dimethylpyridine  boiling  at 
148 — 151°  C.,  whilst  the  aa'-dimethylpyridine  obtained 
from  other  sources  boils  at  142 — 143°  C.  Conrad  and 
Geutzeit  also  obtained  a  lutidine  from  this  lutidone,  but 
do  not  give  its  boiling  point.  The  author  has  been  able 
to  obtain  a  lutidine  by  four  different  methods  : — 

(1) .  By  distillation  of  the  potassium  salt  of  lutidone- 
carboxylic  acid  with  excess  of  solid  caustic  potash. 

(2) .  By  the  prolonged  aCtion  of  nascent  hydrogen  (from 
tin  and  hydrochloric  acid)  on  the  chlorolutidine  obtained 
by  treating  the  lutidone  with  pentachloride  of  phos¬ 
phorus. 

(3) .  By  heating  the  chlorolutidine  with  zinc-dust  in  an 
atmosphere  of  hydrogen. 

(4) .  By  heating  the  chlorolutidine  obtained  from  dehy¬ 
dracetic  acid  by  Haitinger’s  method  with  zinc-dust. 

All  these  four  methods  gave  a  lutidine  boiling  at  144 — 
1450  C.,  and  yielding  a  platinum  salt  melting  at  210 — 2120 
C.,  the  melting-point  found  by  Epstein  and  Ladenburg 
for  the  chloroplatinate  of  aa'-dimethylpyridine.  The 
author  has  also  been  able  to  compare  this  lutidine  with  a 
lutidine  boiling  at  143 — 1440  obtained  by  Professor  Ramsay 
from  bone  oil,  and  is  led  to  regard  it  as  identical  there¬ 
with.  By  oxidation  of  the  lutidine  from  ethylic  /3-amido- 
crotonate  with  potassium  permanganate,  a  pyridinedicar- 
boxylic  acid  was  obtained  melting  at  2350  C.  (corr.j, 
which,  on  heating,  gave  pyridine,  showing  that  it  was 
dipicolinic  or  aa'-pyridinedicarboxylic  acid. 

96.  “  The  Action  of  Heat  on  Nitrosyl  Chloride .”  By 
J.  J.  Sudborough,  B.Sc.  (Lond.),  and  G.  H.  Miller. 

An  account  is  given  of  a  series  of  determinations  of  the 
vapour-density  of  nitrosyl  chloride,  NOC1,  at  various 
temperatures.  At  temperatures  from  15°  to  693°,  the 
values  obtained  so  nearly  coincide  with  the  theoretical 
value  32-67,  that  it  is  to  be  supposed  that  no  dissociation 
takes  place  below  about  700°.  At  higher  temperatures,  the 
compound  is  no  longer  stable,  as  the  following  numbers 
show: — (See  Table,  next  column). 

The  results  show  that  in  comparison  with  nitrogen 
dioxide,  N02,  which  is  completely  decomposed  below  620°, 
nitrosyl  chloride  is  a  highly  stable  compound. 


Temperature, 

784° 

796 

815 

928 

968 

985 


Vapour-density. 

3177 

3I76 

31-00 

29’00 

2730 

27’00 


Nitrosyl  chloride  in  its  reactions  with  water  behaves  as 
the  chloride  of  nitrous  acid,  and  inasmuch  as  nitrous  acid 
not  only  forms  nitroso-compounds,  but  also  hydroximes 
by  interaction  with  the  CH2  group,  nitrous  acid  would 
appear  to  have  the  formula  0:N-0H,  and  the  chloride  the 
formula  0:N'C1.  As  nitric  oxide  and  nitrosyl  chloride 
show  no  tendency  to  polymerise,  the  union  which  takes 
place  beween  N02  and  N02  at  temperatures  below  140°  is 
probably  established  between  oxygen  atoms,  and  as  only 
like  molecules  ofN02  are  concerned  in  the  formation  of 
nitrogen  peroxide,  it  is  unlikely  that  the  latter  as  an  un- 
symmetrical  formula:  the  formula  0:N00-N:0  would 
appear  to  satisfy  the  requirements  of  the  case  ;  this  leads 
to  the  formula  0:N'0  for  the  dioxide,  and  it  may  be  that 
the  instability  of  the  dioxide  is  due  to  the  unsaturated 
condition  of  the  oxygen. 

97.  “  The  Volumetric  Estimation  of  Tellurium .”  By 
Dr.  B.  Brauner. 

Hitherto  only  gravimetric  methods  have  been  adopted 
in  estimating  tellurium,  and  as  they  involve  the  use  of 
weighed  filters,  the  determination  is  subject  to  consider¬ 
able  error,  besides  occupying  much  time.  The  author 
describes  two  volumetric  processes.  The  first  is  based  on 
the  reduction  of  solutions  of  tellurium  dioxide  by  stannous 
chloride : — 

TeCl44-2SnCl2  =  Te-f-2SnCl4, 

Te02  +  2SnCl2+4HCl  =  Te+2SnCl44-2H20. 

The  tellurium  compound,  together  with  muriatic  acid,  is 
digested  with  excess  of  stannous  chloride,  and  the  excess 
subsequently  determined  by  iodine  and  thiosulphate. 

The  second  method  consists  in  adding  an  excess  of 
potassium  dichromate  solution  to  the  solution  of  tellurium 
dioxide  in  muriatic  acid,  the  excess  of  dichromate  being 
subsequently  determined  by  means  of  ammonium  ferrous 
sulphate : — 

3Te02  +  K2Cr207  +  8HCl  =  3Te03+2KCl  +  Cr2Cl6+4H20. 

Results  are  quoted  showing  that  the  first  method  gives 
satisfactory  results  ;  but  the  second  does  not  appear  to  be 
one  of  practical  value. 
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Outlines  of  General  Chemistry .  By  W.  Ostwald,  Pro¬ 
fessor  of  Chemistry  in  the  University  of  Leipzig. 
Translated,  with  the  Author’s  Sanction,  by  James 
Walker,  D.Sc.,  Ph.D.  London :  Macmillan  and  Co. 
The  author  of  this  profoundly  able  and  interesting  work 
has  found  his  task  rendered  more  difficult  because  “  the 
course  of  study  still  pursued  by  the  average  chemist  has 
laid  upon  him  the  necessity  of  the  employment  of  higher 
mathematics.”  Again,  he  writes  :  “  That  the  reader  who 
has  only  an  acquaintance  with  elementary  mathematics 
may  be  brought  to  see  the  necessity  of  acquiring  at  least 
the  rudiments  of  the  higher  analysis.”  If  such  acquire¬ 
ment  is  a  “  necessity,”  chemistry  will  lose  many  followers 
who  are  capable  of  doing  useful  work.  Higher  mathe¬ 
matics  will  always  be  a  speciality  of  one  type  of  minds. 

The  complaint  of  the  author  and  the  translator  that  the 
researches  of  Van ’t  Hoff  on  the  theory  of  solution  and 
those  of  Arrhenius  on  electrolytic  dissociation  have  not  met 
with  due  attention  in  this  country  is  well  founded,  and  we 
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share  the  hope  that  the  appearance  of  this  work  in 
an  English  version  may  cause  this  negledt  to  disappear. 

Prof.  Ostwald  discusses  in  his  first  part  the  chemical 
laws  of  mass,  and  in  the  second  those  of  energy.  The 
former  part  treats,  in  succession,  of  mass,  of  the  properties 
of  gases,  of  liquids,  of  solutions,  of  solids,  and  of  chemical 
systematics. 

The  elements  he  accepts  as  undecomposed,  but  not 
necessarily  undecomposable.  But  he  holds  that  if  “  com¬ 
posite,  they  are  all  composite  to  the  same  degree,” — a 
conclusion  which  is  perhaps  still  open  to  doubt. 

Concerning  Prout’s  law,  the  author  leaves  unanswered 
the  question  why  the  atomic  weights  of  so  many  elements 
approximate  so  closely  to  multiples  of  hydrogen.  A 
similar  approximation,  without  identity  being  reached, 
appears  in  the  triads  of  Dobereiner  and  Lenssen. 

In  the  discussion  of  the  periodic  law,  the  first  enuncia¬ 
tion  of  the  idea  is  ascribed  to  Newlands,  with  the  remark 
that  he  “did  not  succeed  in  fully  carrying  it  out,”  and 
that  it  failed  to  find  ready  recognition,  as  presented  in  a 
“  somewhat  inadequate  form.”  Prof.  Ostwald,  whilst  re¬ 
cognising  that  “  almost  every  well-defined  and  comparable 
property  appears  as  a  periodic  function  of  the  atomic 
weight,”  considers  that  the  periodic  system  of  the  ele¬ 
ments  is  by  no  means  perfect.  He  reminds  us  that  “  ele¬ 
ments  are  frequently  parted  in  the  tables  which  an  un¬ 
prejudiced  observer  would  consider  analogous  in  their 
compounds  ( e.g .,  copper  and  mercury),  whilst  others  are 
placed  together  which  appear  altogether  dissimilar,  as 
sodium,  copper,  silver,  and  gold.”  Further,  Mendeleeff 
has  called  the  elements  with  the  lowest  atomic  weights 
the  “  typical  elements.”  This,  remarks  the  author,  “  is  a 
name  signifying  just  the  opposite  of  what  is  really  meant, 
for  these  elements  are  by  no  means  typical  of  the  groups 
whose  first  members  they  constitute.”  These  criticisms 
cannot  be  pronounced  other  than  just  and  weighty. 

In  the  determination  of  the  atomic  weights,  the  author 
prefers  to  return  to  the  unit  of  Berzelius  and  put, 
arbitrarily,  o  =  16. 

On  the  subjedt  of  strudtural  formulae,  Prof.  Ostwald  ex¬ 
presses  himself  very  judiciously.  He  considers  that  they 
stand  in  much  the  same  relation  to  the  substances  they 
represent  as  do  formulae  of  analytical  geometry  to  the 
corresponding  curves  and  surfaces,  though  they  do  not 
approach  the  latter  in  certainty  and  completeness  of  ex¬ 
pression. 

The  tri-dimensional  formulation  of  atomic  space-rela¬ 
tions,  as  propounded  first  by  Van ’t  Hoff  and  afterwards 
by  Wislicenus,  is  explained  by  examples.  Various 
phenomena,  hitherto  incomprehensible,  can  thus  be  ex¬ 
plained.  It  is  to  be  hoped  that  this  idea  will  meet  with 
more  attention  than  it  has  hitherto  received,  both  among 
teachers  and  students. 

The  second  part  of  the  work,  devoted  to  the  chemical 
laws  ofenergy,  discusses,  in  succession,  thermo-chemistry, 
photo  -  chemistry,  eledtro  •  chemistry,  and  chemical 
dynamics. 

Unlike  many  German  books,  these  “Outlines”  are 
furnished  with  an  excellent  index  of  subjedts,  and,  in 
addition,  with  one  of  the  names  of  authors  referred  to. 
Advanced  students  will  find  in  the  work  before  us 
not  merely  a  clear  oversight  of  the  philosophy  of  chemis¬ 
try  as  at  present  understood,  but  a  guide  to  subjedts  for 
future  research.  It  would  be  at  once  interesting  and  in- 
strudtive  to  compare  Ostwald’s  Outlines  with  Daubeny’s 
Atomic  Theory,  or  any  other  theoretical  work  of  the  first 
half  of  the  century. 


An  Impurity  in  White  Wine  Vinegars. — A.  Held. — 
In  a  sample  sold  as  white  wine  vinegar,  the  author  finds 
a  considerable  quantity  of  amylic  alcohol.  The  vinegar 
in  question  contained  no  potassium  bitartrate,  and  was 
merely  the  produdt  of  the  acetic  fermentation  of  an 
alcohol  containing  much  amylic  alcohol. — Journal  de 
Pharm.  et  de  Chimie. 


Chemical  News, 
Dec.  19,  1890. 

CORRESPONDENCE. 


THE  FELLOWSHIP  OF  THE  CHEMICAL 
SOCIETY. 


To  the  Editor  of  the  Chemical  News. 

Sir, —  I  am  greatly  surprised  at  the  letter  of  Messrs. 
Bloxam  and  Blount  in  your  issue  of  the  12th  inst.,  and  I 
may  say  that  if  the  Council  of  the  Society  adopt  their 
suggestion  of  advertising,  twenty-five  friends  as  well  as 
myself  will  at  once  resign  our  memberships.  Let  it  be 
understood  that  we  are  non-trading  members. 

Just  fancy  a  distinguished  and  learned  society  like  the 
Chemical  Society  of  London  advertisingitself  as  suggested 
by  Messrs.  Bloxam  and  Blount ! — I  am,  &c., 

A  Contributor  to  the 
Journal  of  the  Chemical  Society. 


THE  FELLOWSHIP  OF  THE  CHEMICAL 
SOCIETY. 


To  the  Editor  of  the  Chemical  News. 

Sir, — I  did  not  sign  the  circular  from  Messrs.  Lloyd  and 
Teed,  whose  objedt  was,  no  doubt,  the  supposed  welfare 
of  the  Society.  The  means  proposed  seem  inquisitorial, 
and  might  suggest  that  the  letter  C  in  F.C.S.  should 
stand  for  “  Censorial.”  I  do  not  see  the  need  for  so  great 
a  change.  We  are  not  called  upon  to  apportion  the 
exadt  weight  which  the  public  should  attach  to  the  letters 
F.C.S.  Why  not  let  well  alone?  If  any  are  using  the 
Fellowship  for  trade  purposes,  would  not  a  remonstrance 
be  best,  drawing  the  delinquent’s  attention  to  the  declara¬ 
tion  against  it  which  he  signed  on  admission  ? — I  am,  &c., 

F.C.S. 


THE  FELLOWSHIP  OF  THE  CHEMICAL 
SOCIETY. 


To  the  Editor  of  the  Chemical  News. 

Sir, — There  appears  to  be  a  necessity  for  a  re-statement  of 
the  main  fadts  upon  which  the  present  situation  must  be 
resolved.  These  are  : — 

(1.)  The  Society  imposes  upon  candidates  for  the 
Fellowship  a  certain  standard  of  qualification — whether 
social  or  scientific.  Unless,  therefore,  the  present  form  of 
eledtion  be  abandoned,  the  Fellowship  must  continue  so 
far  to  constitute  a  “  qualification  ;  ”  and  for  any  Fellow  to 
maintain  the  opposite  is  an  obvious  stultification . 

(2.)  The  constitution  of  the  Society  is  democratic  in 
principle,  though  the  adtual  management  of  its  affairs  is 
by  tacit  consent  autocratic,  as  indeed  it  should  be. 

In  other  words,  it  is  in  the  power  of  the  majority  of  the 
Fellows  to  determine  any  course  of  adtion  within  the 
limits  of  the  constitution  of  the  Society,  by  eledting  an 
executive  representative  of  its  views,  and  pledged  to  give 
effedt  to  its  will. 

I  venture  to  think  that  some  of  your  correspondents  on 
this  subjedt  are  disposed  to  ignore  these  prominent  fadtors 
of  the  situation. — I  am,  &c., 

A  Fellow. 


THE  FELLOWSHIP  OF  THE  CHEMICAL 
SOCIETY, 


To  the  Editor  of  the  Chemical  News. 

Sir, — Messrs.  Bloxam  and  Blount’s  difficulties  seem  to 
me  not  difficult  to  answer. 

First,  the  Society  has  never  encouraged  the  alleged 
view  as  to  the  qualifying  value  of  the  Fellowship,  which, 
if  it  exists,  has  been  conferred  on  it  by  the  public.  The 
Society  is  not  responsible  for  this,  and  has  done  its  best 


The  Fellowship  of  the  Chemical  Society.  { 
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to  discourage  it  by  freely  admitting  all  interested  in  the 
science,  as  its  charter  requires. 

Second,  the  charter  is  absolutely  silent  as  to  a  qualifi¬ 
cation,  and  expressly  withholds  the  power  to  make  any 
bye-law  “  in  opposition  to  the  general  scope,  true  intent, 
and  meaning  of  this  our  charter.”  It  is  manifest  that 
nothing  short  of  an  amendment  of  the  charter  will  get 
over  this. 

Third,  many  of  us  think  that  the  present  system  is 
sufficient,  and  that  the  exaggerated  view,  if  it  exists,  will 
gradually  fade  as  the  true  function  of  the  Institute  of 
Chemistry  comes  into  greater  prominence.  But  admitting 
all  the  alleged  evils,  surely  wild  blackballing  is  not  the 
way  to  mend  them  ;  for,  as  Messrs.  Bloxam  and  Blount 
themselves  point  out,  either  all  or  no  candidates  must  be 
admitted  ;  no  doubt  reading  “  all  ”  as  equivalent  to  all 
persons  of  good  character,  and  “  no  ”  as  none  without  an 
examination;  for  they  surely  do  not  intend  to  assert  that 
a  chance  meeting  of  the  Chemical  Society  could  ever  be¬ 
come  an  efficient  qualifying  body. 

Mr.  Livingstone  has  misunderstood  my  letter  in  your 
issue  of  December  5th,  as  the  grounds  of  my  assumptions 
were  there  given  and  require  no  explanation.  I  am,  &c., 

R.  J.  Friswell. 


CHEMICAL  NOTICES  FROM  FOREIGN 
SOURCES. 

Note.— All  degrees  of  temperature  are  Centigrade  unless  otherwise 
expressed. 

Comptes  Rendus  Hebdomadaires  des  Seances ,  de  1’ Academic 
des  Sciences.  Vol.  cxi.,  No.  22,  December  1,  1890. 

Compressibility  of  Mixtures  of  Air  and  of  Carbon 
Dioxide.  — M.  Ulysse  Lala.  —  The  compressibility  of 
mixtures  of  dry  air  and  of  carbon  dioxide  when  the 
quantity  of  the  latter  does  not  exceed  22  per  cent  is 
comprised  between  those  of  air  and  carbon  dioxide.  The 
compressibility  of  higher  mixtures  is  greater  than  that  of 
carbon  dioxide. 

A  New  Process  for  Distinguishing  Arsenical  and 
Antimonial  Spots. — G.  Deniges.  H.  Rose  pointed 
out  long  ago  that  arsenic  acid  behaves  like  phosphoric 
acid  with  a  nitric  solution  of  ammonium  molybdate.  This 
reaction  has  been  utilised  for  the  detection  or  determina¬ 
tion  of  arsenic  acid  or  arseniates  ;  but  it  does  not  seem 
to  have  been  applied  in  toxicology  for  distinguishing 
arsenical  spots  from  those  of  antimony.  The  production 
of  crystals  of  ammonium  arsenio-molybdate  is  very  easy, 
and  this  substance  is  distinguished  by  its  fine  yellow 
colour,  its  insolubility  in  nitric  acid,  and  especially  by  its 
microscopic  appearance  in  the  form  of  stars  with  tri¬ 
angular  branches,  generally  six  in  number,  and  arranged 
in  rectangular  planes  according  to  the  axes  of  a  cube. 
These  crystals  appear  very  distinctly  under  the  polarising 
microscope  when  the  analyser  and  the  polariser  are  turned 
to  extinction.  It  must  be  said  that  ammonium  phospho- 
molybdate  presents  quite  identical  appearance  and  pro¬ 
perties  ;  but  as  no  trace  of  phosphoric  products  can  exist 
in  the  arsenical  or  antimonial  spots  furnished  by  the 
apparatus  of  Marsh,  it  is  legitimate  to  infer  the  presence 
of  arsenic  whenever  we  obtain  yellow  crystals  presenting 
the  characters  described  above.  The  suspeCtecl  spots, 
collected  in  a  small  porcelain  capsule,  are  mixed  with  a 
few  drops  of  pure  nitric  acid  ;  they  dissolve  instantly, 
whether  they  consist  of  antimony  or  arsenic.  Heat  is 
applied  for  a  few  moments  to  complete  the  oxidation,  and 
there  are  added  four  or  five  drops  of  ammonium  molyb¬ 
date  in  a  nitric  solution.  There  is  soon  formed,  even  it 
there  are  only  traces  of  arsenic  (from  1-50  to  1-100  of  a 
milligramme),  a  yellow  precipitate  which  on  examination 


with  the  microscope  shows  the  forms  above  described. 

Antimony  gives  nothing  analogous.  The  reaction  just 
pointed  out  seems  the  most  sensitive  and  the  most 
characteristic.  It  is  easy  to  produce  and  is  applicable  to 
the  determination  of  very  small  quantities  of  arsenic,  as 
the  author  purposes  to  explain  in  a  further  communica¬ 
tion.  The  molybdic  reagent  employed  is  prepared  as 
follows  -.—Dissolve  at  a  gentle  heat  10  grms.  commercial 
ammonium  molybdate  (hexammonium  heptamolybdate), 
and  25  grms.  ammonium  nitrate  in  xoo  c.c.  water.  Let 
cool,  and  add  gradually,  while  stirring,  100  c.c.  pure  nitric 
acid  of  specific  gravity  1-20.  Heat  on  the  water-bath  for 
ten  minutes,  let  cool,  and  leave  it  for  48  hours.  At  the 
end  of  this  time  filter  through  paper  washed  with  dilute 
nitric  acid  and  keep  in  stoppered  bottles. 


Bulletin  de  la  Societe  Chitnique  de  Paris. 

Series  3,  Vol.  iv.,  Nos.  4  and  5. 

On  the  Formation  and  the  Combustion  Heats  of 
Various  Nitrogenous  Principles  Derived  from  Albu- 
menoid  Matters.— MM.  Berthelot  and  Andre.— The 
total  combustion  heat  of  the  nitrogenous  principles,  urea 
and  leucine  excepted,  exceeds  that  which  would  be  calcu¬ 
lated  on  the  hypothesis  that  hydrogen  separated  in  the 
state  of  water  does  not  evolve  any  heat,  and  that  the 
carbon  generates  as  much  as  if  it  were  free. 

Formation-Heat  of  Certain  Amides. — MM.  Berthe¬ 
lot  and  Fogh.— The  formation  of  anilides  from  the  solid 
acid  and  the  gaseous  base  evolves  more  heat  than  that  of 
the  corresponding  amides;  a  circumstance  correlated  to 
a  greater  stability  against  the  decomposing  action  of 
water. 

Combustion-Heat  of  the  Chief  Nitrogenous  Prin- 
ciples  Contained  in  Living  Beings  and  its  Part  in 
the  Production  of  Animal  Heat— MM.  Berthelot  and 
Andre.— The  authors  give  their  results  in  the  form  of  a 
table. 

The  Reduction  of  Aikaline  Sulphates  by  Hydrogen 
and  by  Carbon.— M.  Berthelot.— Not  adapted  for  useful 
abridgment. 

Thermic  Researches  on  the  Allotropic  Conditions 
of  Arsenic. —  MM.  Berthelot  and  Engel.  —  The  two 
varieties  of  arsenic  evolve  almost  identical  quantities  of 
heat  whilst  forming  one  and  the  same  compound.  Their 
relations  are  similar  to  those  existing  between  graphite 
and  diamond. 

On  the  Formation-Heat  and  the  Reactions  of 
Hydroxylamine  or  Oxyammoma.  —  MM.  Berthelot 
and  Andre.— A  thermo-chemical  study  of  hydroxylamine 
nitrate.  The  conversion  of  ammonia  into  hydroxylamine, 
whether  free  or  dissolved,  is  not  an  oxidation. 

New  Researches  on  the  Relative  Stability  of  Salts, 
both  Isolated  and  in  Presence  of  Water.  Salts  of 
Aniline.— M.  Berthelot. — The  formation-heat  of  salts 
referred  to  the  solid  state  may  be  taken  as  the  measure  of 
their  relative  stability. 

On  the  Isomeric  Inosites  and  on  their  Transfor¬ 
mation-Heat.— M.  Berthelot.  —  The  two  symmetric 
inosites  in  a  state  of  solution  do  not  manifest  any  sign  of 
combination  any  more  than  do  the  two  symmetric  tar¬ 
taric  acids.  But  the  combination  takes  place  as  soon  as 
they  are  separated  from  their  solutions. 

Researches  on  Certain  Saccharine  Principles. — 
MM.  Berthelot  and  Matignon.  —  The  true  inactive 
nosite  appears  to  contain  a  reserve  of  energy  superior 
ito  that  of  the  other  isomers  which  it  is  apt  to  produce; 
whilst  the  neutral  inosite,  the  molecule  of  which  is 
double,  corresponds  to  the  greatest  loss  of  energy. 

The  Oxidation  of  the  Sulphur  of  Organic  Com¬ 
pounds.— MM.  Berthelot,  Andre,  and  Matignon.— The 
authors  burn  the  sulphuretted  organic  compound  in  the 
“  calorimetric  bomb  ”  in  an  atmosphere  of  oxygen  com- 
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pressed  at  25  atmospheres  and  in  presence  of  10  centi¬ 
metres  of  water. 

Combustion-Heat  of  Certain  Sulphur  Compounds. 
— MM.  Berthelot  and  Matignon. — The  compounds  in 
question  are  thiophene,  taurine,  and  carbon  disulphide. 

Analysis  of  an  Argentocupric  Mineral. — Prof.  E. 
Jacquemin. — This  mineral,  from  Bussang,  in  the  Vosges, 
and  known  locally  as  “  green  stones,”  contains,  according 
to  the  samples  examined,  210 — 225  grms.  silver  per  ton — 
a  quantity  which  admits  of  working,  especially  as  the 
copper  alone,  which  varies  from  35  to  45  kilos,  per  ton,  is 
remunerative. 

Preparation  of  Certain  Ethers  by  Fermentation. — 
Georges  Jacquemin. — From  a  fermentation  effected  in  the 
absence  of  air,  the  author  obtained  a  large  proportion  of 
butyric  ether  and  of  ethylic  ether  mixed  with  higher 
alcohols. 

The  Preparation  and  Properties  of  Aricine. — H- 
Moissan  and  E.  Landrin. — The  bark  operated  upon  con¬ 
tained  neither  quinine  no  cinchonine.  Aricine  has  a 
composition  expressed  by  the  formula  C46H26N20s.  It 
forms  fine  transparent  crystals,  which,  on  prolonged 
exposure  to  the  sun,  turn  slightly  yellow.  It  is  insoluble 
in  water,  soluble  in  alcohol  at  common  temperatures,  but 
more  soluble  at  a  boiling-heat.  At  150  ether  dissolves  30 
grms.  per  litre.  It  melts  at  188 — 189°. 

New  Preparation  of  Phosphorus  Oxyfluoride. — 
Henri  Moissan. — The  authors  cause  phosphorus  oxy¬ 
chloride  to  a£t  upon  anhydrous  zinc  fluoride  (not  ignited) 
in  a  metal  vessel.  The  product  obtained  is  a  gaseous 
body  absorbable  in  water,  which  decomposes  it,  and  fuming 
in  the  air. 

On  the  Critical  Temperature. — M.  Philippe  and  A. 
Guye. — From  the  tables  given  the  authors  conclude  that 
the  critical  temperature  is  approximately  equal  to  twice 
the  boiling  temperature  in  vacuo  (20  m.m.).  It  is 
approximately  equal  to  4'55  times  the  temperature  of 
ebullition  under  the  atmospheric  pressure. 

On  Fluorene  Hydrides. — P.  A.  Guye. — The  author 
has  obtained  a  decahydride  and  an  odtohydride  of  fluorene 
nd  an  odtohydride  of  phenanthrene. 

Vol.  iv.,  Nos.  6  and  7. 

Atftion  of  Mineral  Acids  upon  the  Ladtic  and  the 
Butyric  Ferments. — Dr.  J.  Effront.— The  adtion  of  the 
mineral  acids  upon  the  la&ic  ferment  is  the  same  as  that 
of  the  ladtic  acid  formed  in  the  course  of  fermentation; 
they  enfeeble  or  entirely  kill  the  ferments.  Hydrofluoric 
acid  adts  much  more  energetically  than  the  hydrochlciic 
and  the  sulphuric.  In  the  butyric  fermentation  the  results 
are  analogous. 

Action  of  Isopropyl  Iodide  upon  Aqueous  Am¬ 
monia  in  Equi-molecular  Proportion  at  the  Ambient 
Temperature. —  H.  Malbot. —  Under  such  conditions 
isopropyl  iodide  is  converted  almost  entirely  into  mono¬ 
isopropylamine  hydriodate. 

The  Filtration  of  Worts  of  Green  Malt  and  Maize, 
through  a  Chamberland  Filter. —  The  Chamberland 
filter  holds  back  dextrine,  albumen,  and  mineral  matters, 
to  a  considerable  proportion. 

The  Composition  of  Kaolinic  Porcelains. — Georges 
Vogt. — This  memoir  will  be  inserted  at  some  length. 
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SPECIALITIES. 
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or  Exchanged  at  the  Highest  Market  Value. 
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Chemist  to  the  G.E.  Rly. 
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Chemical  News. 
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CROSBY  LOCKWOOD  and  SON,  7,  Stationers’  Hall  Court,  E.C. 

PhTelsea  technical  schools, 
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A  SIMPLE  ELECTRICAL  APPARATUS  FOR 
DETERMINING  THE  FLASHING  POINT  OF 
MINERAL  OILS. 

By  H.  N  WARREN,  Research  Analyst. 

This  simple  yet  effective  apparatus  may  be  readily 
constructed  from  an  ordinary  tin  canister  as  shown  by 
the  accompanying  diagram.  A  represents  either  a  copper 
or  tinned  iron  cylinder,  supported  on  tripod  legs,  and 
capable  of  holding  about  a  litre  of  water,  b  is  a  wide¬ 
mouthed  test-tube  into  which  are  fused  two  platinum 
wires  connected  respectively  to  a  good  induction  coil 
capable  of  producing  about  a  half  inch  spark.  In  using 
the  apparatus  the  steampipe  f,  which  is  maintained  in  its 
place  by  inserting  it  through  a  perforated  cork,  is  first 
removed  and  water  introduced  into  the  boiler,  the  tubular 
being  replaced. 

Into  the  tube  b  is  placed  about  an  ounce  of  the  oil 
under  question,  and  a  light  applied  to  the  canister;  the 
contact  breaker  of  the  induction  coil  should  be  now  so 
regulated  as  to  allow  of  a  spark  being  passed  across 
the  tube  b  when  desired,  by  merely  touching  the  hammer. 


When  the  apparatus  has  reached  a  temperature  of  about 
ioo°  F.,  a  spark  may  be  conveniently  applied.  If  the 
effeCi  of  the  explosion  is  somewhat  violent,  the  light 
should  be  removed  and  a  spark  passed  everv  few  seconds 
until  it  ceases  to  afford  any  further  detonation.  When 
this  point  is  reached  it  is  regarded  as  the  flashing  point 
of  the  oil,  and  is  at  once  indicated  by  the  reading  of  the 
thermometer,  G,  which  should  remain  inserted  in  the  water 
contained  in  the  apparatus  during  the  testing  operation. 
For  accurate  results  care  must  be  taken  that  any  explosive 
residue  that  may  remain  in  the  tube  after  the  passing  of 
a  former  spark  be  removed  by  injecting  a  small  quantity  i 


of  air  from  the  mouth  by  means  of  the  syphon,  e  ;  otherwise 
on  the  admittance  of  a  further  spark  a  partially  exhausted 
atmosphere  may  be  unintentionally  re-examined  at  a 
lower  temperature.  With  due  precautions  the  apparatus 
affords  accurate  results,  and  a  large  number  of  samples 
may  be  tested  at  a  brief  notice. 

Everton  Research  Laboratory, 

i8,  Albion  Street,  Everton,  Liverpool. 


THE  ANALYSIS  OF  WATER  TO  DETERMINE 
SCALE-FORMING  INGREDIENTS.* 

By  Prof.  THOMAS  B.  STILLMAN. 

(Concluded  from  p.  300). 

It  is  necessary  now  to  convert  these  values,  grms.  per 
litre,  into  grams  per  gallon,  in  doing  which  the  following 
table  is  used  : — 


Table  for  Converting  M.grms.  per  Litre  into  Grains  per 
U.S.  Gallon  of  231  Cubic  Inches. 


M.grms 

Grains  per 

M.grms. 

Grains  per 

perlitre. 

gallon. 

per  litre 

gallon. 

I 

«  • 

•  , 

=  0-0583 

51 

•  • 

•  • 

=  2-9742 

2 

•  • 

•  • 

0-1166 

52 

•  • 

•  • 

3-0325 

3 

•  • 

•  . 

0-1749 

53 

•  • 

.  • 

3-0908 

4 

•  • 

•  . 

0-2332 

54 

•  • 

3-I49I 

5 

•  • 

•  . 

0-2915 

55 

•  • 

•  • 

3-2074 

6 

•  • 

•  • 

0-3499 

56 

•  • 

3-2658 

7 

•  • 

0-4082 

57 

•  • 

3-324I 

8 

•  • 

•  • 

0-4665 

58 

•  • 

3-3824 

9 

•  • 

•  • 

0-5248 

59 

•  • 

. . 

3-4407 

10 

•  • 

,  * 

0-5831 

60 

•  • 

•  • 

2-4990 

11 

•  • 

•  • 

0-6414 

61 

•  • 

•  • 

35573 

12 

,  , 

•  • 

0-6998 

62 

•  • 

•  • 

3-6i57 

13 

•  • 

07581 

63 

•  • 

3-6740 

14 

•  • 

08165 

64 

•  • 

3-7323 

15 

•  • 

•  • 

0-8747 

65 

•  • 

•  • 

3-7906 

16 

•  • 

•  • 

0-9330 

66 

•  • 

3-8489 

*7 

•  • 

•  • 

0-9914 

67 

•  • 

3-9073 

18 

•  • 

•  • 

1-0497 

68 

•  • 

•  • 

3-9656 

19 

•  • 

1-1080 

69 

•  • 

•  • 

4-0239 

20 

•  , 

1-1663 

70 

•  • 

•  • 

4-0822 

21 

•  • 

•  • 

1-2246 

71 

•  • 

•  • 

4-I405 

22 

•  • 

i-282g 

72 

•  • 

•  • 

4-1988 

23 

•  • 

I'34I3 

73 

•  • 

•  • 

4-2572 

24 

•  • 

•  • 

1-3996 

74 

•  • 

•  • 

4-3I55 

25 

.  . 

•  • 

1-4579 

75 

•  • 

•  • 

4-3738 

26 

•  • 

1-5162 

76 

•  • 

•  • 

4-432I 

27 

•  • 

1-5745 

77 

•  • 

•  • 

4-4904 

28 

•  • 

1-6329 

78 

•  • 

•  • 

4-5488 

29 

•  • 

•  • 

1-6912 

79 

•  • 

•  • 

4-6071 

30 

•  • 

1-7495 

80 

•  • 

•  • 

4-6654 

31 

•  e 

•  0 

1-8078 

81 

•  • 

•  • 

4-7237 

32 

•  • 

•  , 

i-866i 

82 

•  • 

4-7820 

33 

•  • 

•  • 

1-9244 

83 

•  • 

4-8403 

34 

•  • 

1-9828 

84 

•  • 

•  • 

4-8987 

35 

«  • 

2-0411 

85 

•  • 

4-9570 

36 

•  • 

2-0994 

86 

•  • 

•  • 

5-oi53 

37 

•  • 

•  » 

2-1576 

87 

#  • 

5-0736 

38 

•  • 

•  • 

2-2I60 

88 

•  • 

5-I3I9 

39 

•  • 

2-2745 

89 

•  • 

5-1903 

40 

•  • 

2-3327 

90 

•  • 

•  • 

5-2486 

41 

•  • 

2'39IO 

9i 

•  • 

•  • 

5-3069 

42 

•  • 

.  . 

2-4493 

92 

•  • 

•  • 

5-3652 

43 

•  • 

,  . 

2-5076 

93 

•  • 

5-4235 

44 

•  • 

2-5659 

94 

•  • 

5-4818 

45 

•  • 

•  • 

2  6243 

95 

•  • 

5-5402 

46 

•  • 

•  • 

2-6826 

96 

•  • 

•  • 

5-5985 

47 

,  « 

•  • 

2-7409 

97 

•  • 

5-6568 

48 

.  . 

•  • 

2-7992 

98 

•  • 

5-7i5i 

49 

.  , 

•  • 

2-8575 

99 

•  • 

5-7734 

50 

.  • 

•  • 

2,9I59 

100 

•  • 

5-8318 

*  The  Stevens  Indicator,  vol.  vii,,  No.  4,  OCt.,  1890. 
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The  amounts  obtained  being: — 


Silica . 

so3  . 

Cl . 

Grains  per 
gallon. 

k2o  . 

Na20 . 

M  g  0 . 

CaO  . 

Fe203Al203  . 

Organic . 

1-1254 

Carbonic  acid  .. 

6-1914 

Oxygen  in  excess  of  Cl 

. .  0-0932 

0’0902 

Having  determined  the  component  parts  of  the  water 
residue  in  grains  per  gallon,  it  becomes  necessary  to  unite 
these  in  chemical  union,  as  near  as  possible,  as  they  exist 
in  the  water. 

The  general  rule  may  be  stated  as  follows : — The 
chlorine  is  combined  with  the  sodium,  if  still  in  excess, 
then  with  the  potassium,  magnesium,  and  finally  calcium. 
The  sulphuric  acid  to  the  alkalies,  provided  there  is  not 
enough  chlorine  to  saturate  them,  then  to  the  calcium, 
and  finally  to  the  magnesium. 

The  carbonic  acid  is  united  with  the  calcium  and  mag¬ 
nesium  after  the  other  combinations  are  made.  There 
are  exceptions  to  this  rule,  mineral  waters  and  many 
artesian  well  waters  forming  notable  examples. 

Carrying  out  the  above,  the  following  is  obtained  : — 


Grms.  per  Grains  per 
litre.  gallon. 

NaCl . o’ooqi  0-5306 

Na2S04  .  ..  0-0033  0-1923 

K2So4 . 0-0009  0-0524 

CaSo4 . 0-0311  1-8136 

CaC03  . . 0-0118  o-688o 

MgC03 . 0-0162  0-9446 

Fe203Al203. .  ..  0-0051  0-2973 

Si02  . 0-0082  0-4771 

Organic,  &c..  ..  0-0193  1-1254 


Combined  as  follows  : — 


NaCl . 

0-8900 

0-8223 

I<2So4 . 

D’5557 

CaC03  .  , 

4-8577 

MgCo3 . 

1-9710 

Al203Fe203.  •  •• 

0-1166 

Si02  •  •  * ,  .  • 

02215 

Organic . 

1-4345, 

Total  .. 

106773 

Where  all  the  chlorine  is  not  in  combination  with  the 
sodium  and  potassium,  chloride  of  magnesium  is  usually 
present. 

This  latter  compound,  while  not  scale  forming,  is  con- 
sidered  as  an  adtive  corrosive  agent — upon  the  supposition 
that  at  the  temperature  of  ioo°  C.,  and  higher,  it  is  de¬ 
composed,  and  hydrochloric  acid  formed  and  liberated — 
consult  Journal  Society  of  Chemical  Industry ,  vol.  ix.,  p. 
472  ;  also,  “  Treatise  on  Steam  Boilers,”  by  Wilson,  p. 
168. 

The  report,  given  below,  is  of  a  water  from  a  driven 
well  in  Florida.  Complaint  having  been  made  that  not 
only  was  the  scale  excessive  in  amount,  but  that  corrosive 
adion  was  also  very  marked,  an  analysis  was  made, 
reference  to  which  readily  explains  the  difficulty  en- 


countered  in  the  boilers. 

Grms.  per 
litre. 

Grains  per 
gallon. 

NaCl  ..  .. 

18-87 

KC1  ..  .. 

391 

MgCI2  ..  .. 

6-o6 

CaSo4  .. 

..  0-197 

11-52 

CaCo3  . . 

.  •  0-293 

17-10 

MgCo3  . . 

8-40 

Si02  .  •  •  • 

0-62 

Al203Fe203.  • 

. .  0-007 

0-46 

Organic  . 

..  0-138 

8-02 

Total  . . 

..  1-284 

74-86 

In  all  of  the  above  analyses  the  constituents  have  been 
stated  in  grains  per  gallon,  rather  than  in  parts  per 
100,000,  the  former  being  in  general  use  by  the  mechanical 
profession  as  the  proper  method  by  which  to  express  the 
weights  of  the  component  parts  of  a  water. 


Total  ..  ..  0-1050  6-1213 

This  analysis  shows  that  the  principal  scale-forming 
ingredient  is  calcium  sulphate,  being  more  than  equal  to 
the  carbonates  of  calcium  and  magnesium. 

The  following  analysis  is  of  a  water  containing  sulphuric 
acid,  but  the  alkalies  being  present  in  sufficient  amount  to 
combine  with  all  of  it,  as  well  as  the  chlorine,  no  sulphate 


of  lime  is  present. 

Grms.  per 

Grains  per 

litre. 

gallon. 

Si02  . .  . . 

•  •  •  • 

0-0038 

0-2215 

So3 . 

•  •  •  • 

O’OIIO 

0-6414 

Cl . 

•  •  •  • 

0  0062 

0-3615 

K20  . .  . . 

•  • 

0-0033 

0-1923 

Na20  ..  .. 

0-0185 

1-0788 

MgO  .. 

•  • 

00165 

0-9388 

CaO  ..  .. 

•  •  •  • 

0-0466 

2-7175 

Al203Fe203. . 

•  •  •  • 

0-0020 

o-n66 

Organic  . 

. . 

0-0246 

U4345 

Carbonic  acid 

•  • 

0-0530 

3-ogo8 

0-1851 

10-7937 

Oxygen  in  excess  of  Cl 

0-0021 

0-1224 

Total 

•  •  •  • 

0-1830 

10-6713 

LONDON  WATER  SUPPLY. 

Report  on  the  Composition  and  Quality  of  Daily 
Samples  of  the  Water  Supplied  to  London 
for  the  Month  Ending  November  30TH,  1890. 

By  WILLIAM  CROOKES,  F.R.S.; 

WILLIAM  ODLING,  M.B.,  F.R.S.,  F.R.C.P., 

Professor  of  Chemistry  at  the  University  of  Oxford; 

and  C.MEYMOTT  TIDY,  M.B.,  F.C.S.,  Barrister-at-Law, 
Professor  of  Chemistry  and  of  Forensic  Medicine  at  the  London 
Hospital;  Medical  Officer  of  Health  for  Islington. 


To  General  A.  De  Courcy  Scott,  R.A., 

Water  Examiner ,  Metropolis  Water  Act,  1871. 

London,  December  6th,  1890. 

Sir, — We  submit  herewith  the  results  of  our  analyses 
of  the  167  samples  of  water  colleded  by  us  during  the  past 
month,  at  the  several  places  and  on  the  several  days  indi¬ 
cated,  from  the  mains  of  the  seven  London  Water  Com. 
panies  taking  their  supply  from  the  Thames  and  Lea. 

In  Table  I.  we  have  recorded  the  analyses  in  detail  of 
samples,  one  taken  daily,  from  November  1st  to  November 
30th  inclusive.  The  purity  of  the  water,  in  respecft  to 
organic  matter,  has  been  determined  by  the  Oxygen  and 
Combustion  processes;  and  the  results  of  our  analyses  by 
these  methods  are  stated  in  Columns  XIV.  to  XVIII, 
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We  have  recorded  in  Table  II.  the  tint  of  the  several 
samples  of  water,  as  determined  by  the  colour-meter 
described  in  a  previous  report. 

In  Table  III.  we  have  recorded  the  oxygen  required  to 
oxidise  the  organic  matter  in  all  the  samples  submitted 
to  analysis. 

Of  the  167  samples  examined,  the  whole  (excepting  two 
samples  which  were  recorded  as  “  very  slightly  turbid”) 
were  found  10  be  clear,  bright,  and  well  filtered. 

The  seasonal  variation  in  the  composition  of  the  water 
supplied  to  the  Metropolis,  for  the  most  part  too  slight  to 
constitute  a  variation  in  character,  has,  with  the  coming 
on  of  winter,  to  be  looked  for  and  taken  note  of.  As 
regards  the  November  supply,  however,  the  less  favour¬ 
able  meteorological  conditions  prevailing  during  the 
month  including  occasional  periods  of  frost,  were  not 
found  to  have  any  significant  effeCt  on  the  analytical 
results  obtained.  Both  absolutely,  and  still  more  in  rela 
tion  to  the  season,  these  results  were  entirely  satisfactory. 
Thus,  in  the  case  of  the  Thames-derived  water,  the  mean 
proportion  of  oiganic  carbon  was  found  to  be  0-142  part 
in  100,000  parts  of  the  water,  with  a  maximum  of  0-158 
in  any  single  sample  examined,  as  against  a  mean  of 
0-136  part,  and  a  maximum  of  0-160  pait  met  with  in  the 
previous  month’s  supply.  Similarly,  the  mean  amount  of 
oxygen  consumed  in  the  oxidation  of  the  organic  matter 
present  in  a  gallon  of  the  water  was  found  to  be  0-046 
grain,  against  0-040  grain  (printed  by  mistake  as  o  40 
grain  in  the  previous  month’s  report),  in  the  previous 
month’s  supply.  Moreover,  the  degree  of  freedom  from 
colour-tint  continued  to  be  good,  the  ratio  of  brown  to 
blue-tint  of  the  water  being  as  13-1  :  20,  as  against  a 
ratio  of  10-4  :  20  recorded  in  October,  and  a  ratio  of  14-1 : 
20  recorded  in  September  last. 

We  are,  Sir, 

Your  obedient  Servants, 

William  Crookes. 
William  Odling. 

C.  Meymott  Tidy. 


ALLOYS  OF  SODIUM  AND  LEAD* 

By  W.  H.  GREENE  and  W.  H.  WAHL. 

Recently,  in  the  course  of  certain  investigations  in 
which  we  had  occasion  to  make  use  of  alloys  of  lead  and 
sodium,  we  found  that  the  properties  of  such  alloys  did 
not  correspond  with  what  we  had  anticipated  fiom 
previous  publications  on  the  subject,  and  we  were  led 
to  an  examination  ot  ttie  properties  of  lead-sodium  alloys 
of  definite  composition.  These  alloys  may  easily  be  made 
by  direct  combination,  and  the  products  are  then  sensibl) 
constant  in  composition,  which  is  not  the  case  when  they 
are  prepared  by  reducing  lead  oxide  by  carbon  in  presence 
of  soda,  or  by  heating  litharge  with  sodium  tartrate,  as 
described  by  Vauquelin  and  Serullas. 

The  required  quantity  of  sodium  was  added  to  lead 
melted  in  a  covered  crucible,  and  the  alloy  was  roughly 
analysed  by  determining  lead  only.  Our  alloys  contained 
from  3  to  31  per  cent  sodium.  They  are  all  brittle  and 
crystalline ;  all  decompose  water,  that  containing  the 
least  sodium  producing  a  hardly  perceptible  evolution  of 
gas,  while  that  containing  31  per  cent  reads  with 
violence.  The  brittleness  and  oxidability  increase  with 
the  percentage  of  sodium.  The  richest  alloy  is  greenish 
in  colour  and  instantly  blackens  on  exposure  to  air. 

We  made  special  examinations  ot  the  alloys  corre¬ 
sponding  in  composition  to  Na2Pb2,  Na2Po,  and  Na4Pb  ; 
the  first  of  these  contained  10  per  cent  sodium,  the  second 
I9‘5  Per  cent>  rather  more  than  would  be  indicated  by  the 
formula,  while  the  last  contained  317  per  cent.  The 
densities  were  determined  in  aniline  and  found  to  be 


*  Read  at  the  Chemical  SeCtioa  of  the  Franklin  Institute, 
November  18,  1890. 
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considerably  higher  than  would  be  the  densities  of 
mixtures  of  the  same  composition.  Thus  the  10  per  cent 
alloy  has  a  density  of  6-gi,  the  19-5  per  cent  a  density  of 
4-61,  and  the  31-7  per  cent  alloy  a  density  of  3-81. 
The  densities  of  corresponding  mixtures  would  be  5-6,  3-7, 
and  2-7  respectively. 

The  theoretical  and  calculated  percentages  of  Na  in 
alloys  of  above  assumed  composition  compare  as 
follows  : — 


Na2Pb2. 

NaaPb. 

Na4Pb. 

P.c.  Na  by  theory 

..  ..  10 

18-18 

30-8 

,,  found  .. 

I9-5 

317 

SIMULTANEOUS 

DETECTION  OF 

THE 

HALOID  SALTS,  AND  IN  PARTICULAR  OF 
CHLORIDES  IN  PRESENCE  OF  BROMIDES. 

By  G.  DENIGES. 

A  very  easy  and  characteristic  means  of  detecting 
chlorine  or  bromine  in  a  gaseous  atmosphere  is  to  plunge 
into  it  a  glass  rod,  previously  steeped  in  an  alkaline  lye 
(which,  in  contact  with  the  halogens,  is  converted  into  a 
hypochlorite  or  hypobromite),  and  to  dip  the  moist  end 
of  this  rod  in  a  saturated  solution  of  aniline  in  water, 
which  is  coloured  violet  or  violet-red  by  the  hypochlorites 
and  orange-yellow  by  the  hypobromites. 

If  we  have  a  mixture  of  haloid  salts  we  need,  therefore, 
merely  to  set  the  halogens  at  liberty  in  order  to  detect 
them  by  the  aniline  method.  For  this  purpose  we 
generally  employ  sulphuric  acid  and  an  oxidising  sub¬ 
stance,  mo>t  commonly  manganese  peroxide;  among  the 
other  oxidising  agents  the  chromates  liberate  only  iodine 
and  bromine  without  sensibly  affecting  the  chlorides. 
Permanganate  quickly  sets  all  the  halogens  at  liberty. 

On  the  basis  of  these  faCts,  the  author  has  devised  the 
following  method  for  the  easy  and  expeditious  detection 
of  chlorides  in  presence  of  bromides,  and  in  a  more  general 
manner  for  the  simultaneous  recognition  of  all  the  haloid 
salts. 

For  this  purpose  a  c.c.  of  the  liquid  to  be  examined  is 
put  into  a  test-tube,  and  there  are  added  from  20  to  30 
drops  of  concentrated  sulphuric  acid.  If  a  gas  escapes 
(carbonic,  sulphurous,  &c.)  the  mixture  is  boiled  to  expel 
it,  and  there  are  added  20 — 30  drops  of  a  solution 
(saturated  in  the  cold)  of  yellow  potassium  chromate 
(about  50  grms.  of  the  salt  to  xoo  c.c.  of  water) ;  into  the 
first  naif  01  the  tube  there  is  plunged  a  slip  of  starch  paper 
moistened  with  water,  which,  if  it  turns  blue  indicates  the 
presence  of  iodine,  or  otherwise  iis  absence. 

In  the  latter  case  we  add  a  few  drops  more  of  sulphuric 
acid,  and  plunge  into  the  axis  of  the  tube  (without  touching 
the  sides)  a  glass  rod,  the  rounded  extremity  of  which  has 
been  moistened  with  soap-boilers’  lye  (!)  After  a  few 
seconds  it  is  withdrawn,  and  the  moistened  end  is  brought 
in  contact,  in  a  glass,  with  a  c.c.  of  water  saturated  with 
aniline,  and  stirred.  If  there  is  produced  an  orange 
precipitate  the  liquid  contains  a  bromide.  If  there  is 
merely  a  white  precipitate  it  is  due  to  the  soda  and  there 
is  no  bromide. 

If  bromine  or  iodine  has  been  found,  the  liquid  is  boiled 
and  air  is  blown  into  the  tube  through  a  long  glass  tube 
drawn  out  to  a  point,  and  inserted  almost  to  tfie  level  of 
the  liquid,  so  as  to  clear  away  the  vapours  from  the  test- 
tube.  It  generally  takes  about  ten  insufflations,  each 
preceded  by  a  short  boil  for  the  complete  expulsion  of 
bromine  and  iodine.  This  is  ascertained  by  adding  xo 
more  drops  of  potassium  chromate  and  boiling.  There  are 
then  poured  in  the  liquid  20  drops  ol  a  solution  ot  per- 
mang  mate  at  5  per  cent ;  the  whole  is  stirred  and  as  much 
as  1  to  2  c.c.  ol  soaa-lye  is  added  with  the  stirring  rod  to 
the  suiface  of  the  liquid,  then  into  a  glass  containing 
aniline  water,  and  stirred,  when  if  chlorine  is  present  we 
obtain  a  violet  or  reddisfi  violet  colouration  after  stirring 
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for  a  few  moments.  It  may  happen,  if  there  remain  traces 
of  bromine,  that  the  colouration  will  be  at  first  orange, 
but  it  will  rapidly  pass  into  violet  if  there  is  a  chloride  in 
the  original  liquid. 

The  author  has  clearly  detected  the  chlorine  in  a  c.c. 
of  a  liquid  containing  : — 

Grm. 


KI  . 
KBr  . 
NaCl 


0'02 

O'OI 

OOO4 


He  has  even  been  able  to  detedt  1  per  cent  of  sodium 
chloride  in  potassium  bromide  by  operating  as  follows  : — 

He  put  into  a  tube  03  grm.  pure  potassium  bromide, 
and  o-oo5  grm.  sodium  chloride,  then  40  drops  potassium 
chromate  in  solution  (saturated  in  the  cold),  and  30  drops 
of  sulphuric  acid.  He  boiled  and  blew  in  air  into  the  tube 
five  or  six  times.  He  added,  further,  10  drops  of  the  po¬ 
tassium  chromate  and  10  drops  of  sulphuric  acid.  After 
further  boilings  and  insufflations,  he  added  20  drops 
permanganate.  The  stirring  rod,  moistened  with  soda, 
was  left  for  a  quarter  of  a  minute  in  the  lower  third  part 
of  the  tube,  and  on  being  then  plunged  into  aniline 
water  it  quickly  gave  a  very  distindt  violet  colour. 

If  we  find  iodine  in^the  first  trial  we)should  not  always 
search  diredtly  for  bromine  in  the  vapour,  because  the 
alkaline  hypoiodates  give  with  aniline  not,  indeed,  an 
orange  yellow,  but  a  canary  yellow,  and  a  second  trial  is 
necessary  to  detedt  bromine  with  certainty. 

To  this  end  we  put  into  a  tube  1  c.c.  of  the  liquid,  10 
drops  of  ferric  chloride,  and  as  much  sulphuric  acid;  the 
iodine  is  removed  by  blowing  and  boiling;  10  drops  of 
sulphuric  acid  and  20  drops  of  potassium  chromate  are 
further  added,  and  we  test  for  bromine  with  aniline  water, 
making  use  of  the  stirring  rod  moistened  with  soda. 

These  various  reactions  necessitate  the  complete 
removal  of  bodies  which  might  mask  or  enfeeble  them,  i.e., 
iodine  and  bromine  in  the  case  of  chlorine,  and  iodine  in 
that  of  bromine.  This  is  quickly  effedted  by  means  of 
boiling  and  insufflation,  but  we  must  not  forget  that,  as  in 
most  cases  of  the  analysis  of  a  mixture,  we  require  here  a 
complete  separation,  very  rapid,  indeed,  and  not  requiring 
filtration  or  distillation,  but  which  must  be  as  complete  as 
possible  so  as  to  avoid  errors. 

This  method  of  analysis  founded  on  the  use  of  glass 
rods  moistened  with  reagents  deserves  to  be  generalised 
on  account  of  its  certainty  and  facility.  The  author  has 
indicated  its  use  with  isatine  and  sulphuric  acid  for  the 
detedtion  of  the  mercaptans  and  thiophene,  of  nitrous 
vapours  by  sulphuric  acid  and  diphenylamine  sulphate,  of 
ammonia  by  Nessler’s  reagent,  of  sulphurous  acid  by  soda, 
ferric  chloride,  and  potassium  ferricyanide,  of  sulphuretted 
hydrogen  by  soda  and  sodium  nitro-prusside,  &c. — Bulletin 
de  la  Societe  Chimique  de  Paris. 


ON  THE  COMPOSITION  OF  KAOLINIC 
PORCELAINS. 

By  M.  GEORGES  VOGT. 

The  analysis  of  the  Chinese  and  Japanese  porcelains  has 
led  chemists  to  conclude  that  they  were  composed  of 
kaolin,  felspar,  and  quartz  ;  and  according  to  these 
analyses  it  was  concluded  that  the  synthesis  of  Oriental 
porcelains  could  be  effedted  by  mixing  5°  parts  kaolin,  30 
felspar,  and  20  quartz.  Upon  these  data  the  European 
porcelain  manufacture  has  been  established.  It  we  con¬ 
sider  merely  the  centesimal  composition  of  the  various 
porcelain  pastes  as  deduced  from  the  elementary  analysis, 
this  view  may  seem  correct,  but  if  we  study  them  more 
closely  by  the  procedures  of  proximate  analysis,  we  are 
led  to  perceive  that  another  mineral  than  those  mentioned 
enters  into  their  composition. 

The  author  has  had  the  opportunity  of  examining 


specimens  of  the  raw  materials  used  in  China  for  the 
manufacture  of  porcelain,  collected  with  the  utmost  care 
by  the  late  M.  Scherzer,  Consul  at  Canton.  From  the 
total  analysis  of  the  two  minerals,  yeou-ko  and  pe-tun, 
we  might  be  led  to  consider  them  as  analogous  to  the 
pegmatite  of  Limousin.  But  on  treating  pegmatite  with 
sulphuric  acid  we  obtain  only  3’3  per  cent  of  soluble 
matter  in  place  of  34'i5  and  40-63  as  found  in  the  Chinese 
minerals. 

But  if  we  compare  the  centesimal  composition  of  the 
soluble  matter  of  yeou-ko  and  pe-tun  (disregarding  in  the 
former  the  2^04  of  calcium  carbonate,  and  roi  silica, 
which  are  diredtly  soluble)  with  that  of  white  mica,  there 
appears  such  a  close  similarity  that  we  may  pronounce 
the  soluble  part  found  in  the  Chinese  rocks  identical  in 
composition  with  white  mica.  The  mica  contained  in 
yeou  ko  and  pe-tun  is  in  very  minute  particles,  invisible 
with  the  naked  eye  and  even  with  the  lens.  But  a  micro¬ 
scopic  examination  with  polarised  light  detedts  its  pre¬ 
sence  and  confirms  the  result  of  the  analysis.  Hence  it 
appears  that  the  minerals  which  form  Chinese  porcelain 
are  distinguished  from  pegmatite  by  the  presence  of  a 
large  quantity  of  mica.  The  paste  used  in  China  in  the 
manufadture  of  porcelain  known  as  hoa-che  is  an  almost 
pure  natural  mixture  of  hydrated  aluminium  silicate,  and 
white  mica  in  a  very  fine  state  of  division.  The  mica 
found  in  these  Chinese  materials  must  not  be  confounded 
with  the  tablets  of  ferruginous  mica,  the  presence  of  which 
is  feared  in  the  preparation  of  porcelain  pastes  in  Europe. 

The  mica  is  first  broken  up  in  a  disintegrator,  then 
ground  with  water  under  porcelain  mills,  and  then  levi¬ 
gated  in  an  apparatus  with  flowing  water,  so  that  only 
the  finest  portions  are  colledted.  These  portions  are  then 
dried  down  to  a  thick  consistence.  Mica  thus  prepared 
possesses  a  plasticity  almost  equal  to  that  of  kaolin.  It 
can  be  kneaded,  moulded,  and  it  dries  without  warping  or 
cracking.  Under  such  conditions  the  introdudlion  of 
mica  into  a  paste  does  not  in  any  manner  interfere  with 
the  ordinary  manufadture  of  the  porcelain.  In  the  furnace 
the  mica  melts  much  less  easily  than  felspar,  and  keeps 
its  form  at  very  high  temperatures  (1400°).  The  porcelain 
paste  used  in  the  Imperial  manufadtory  of  China  is  com¬ 
posed  of — 

Kaolin  . 23^4 

Mica  . 23-4 

Soda-felspar . 25^0 

Quartz . .  28*2 

On  the  contrary,  the  new  paste  employed  at  Sevres 
consists  of — 

Kaolin . 35-6 

Soda  and  potash  felspars  ..  ..  38-0 

Quartz . 26'4 

Total . ioo'o 

The  author  has  endeavoured  to  reproduce  exadtly  the 
Chinese  porcelain,  but  found  some  difficulty  in  obtaining 
in  France  minerals  as  rich  in  mica  as  those  of  China. 
He  has  since  found  at  Montebras  (Creuse),  a  mineral 
containing  23  per  cent  of  mica,  and  a  kaolin  from  St. 
Yrieix  containing  20  per  cent.  The  French  mica  alone  is 
too  ferruginous  to  yield  a  good  paste.  A  paste  composed 


of — 

Kaolin  . 20 

Mica . 45 

Quartz  . 40 


yielded  merely  a  stone-ware  of  fine  quality.  To  obtain 
a  beautiful  and  very  transparent  porcelain,  a  certain 
quantity  of  felspar  must  be  added,  the  mixture  being — 

Kaolin  (pure)  . 25 


Mica . 25 

Orthose  . .  . 25 

Quartz  . .  . ,  20 


A  paste  containing  17  per  cent  of  mica  yielded  by  the 
following  mixture — 
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Kaolin,  containing  20  per  cent  of  mica  ..  35 

Montebras  mineral  (23  per  cent  of  mica)  ..  57 

Orthose  . 20 

yielded  a  fine  porcelain  of  great  whiteness.  These  por¬ 
celains,  although  baked  at  1450°,  can  be  covered  with 
alkaline  glazes  in  the  furnace  and  with  enamels  in  the 
muffle. — Bulletin  de  la  Societe  Chimique  de  Paris. 


THE  DRY  ASSAY  OF  TIN  ORES.* * * * § 

Part  II. 

By  HEINRICH  O.  HOFFMANN, 

Assistant  Professor  of  Mining  and  Metallurgy. 

(Concluded  from  p.  302). 

VI.  Preparation  of  the  Ore  for  the  Assay. 

It  will  be  seen  from  the  foregoing  that  the  influence  of  the 
associated  minerals  on  the  result  of  the  assay  is  very  con¬ 
siderable.  It  becomes,  therefore,  necessary  to  have  as 
pure  a  black  tin  as  possible  for  the  dry  assay.  When  it 
is  remembered  that  tin  ores  contain  only  from  075  to  3 
per  cent  of  cassiterite,  their  preparation  for  the  assay  is 
seen  to  be  a  very  important  part  of  the  work. 

The  separation  of  the  cassiterite  from  the  gangue  is 
accomplished  by  crushing  and  washing.  The  resulting 
concentrates  are  then  purified  by  means  which  vary 
according  to  circumstances.  From  the  great  difference 
in  specific  gravity  between  the  cassiterite  (6-4  to  7-1)  and 
the  non-metallic  associated  minerals  (not  over  4-1),  it 
would  appear  at  first  sight  that  the  separation  ought  to 
be  very  easy,  but  this  for  various  reasons  is  far  from  being 
the  case.  Special  precautions  are  needed  if  the  loss  of 
black  tin  is  to  be  reduced  to  a  minimum.  The  metalli¬ 
ferous  minerals  have  too  great  a  specific  gravity  ( e.g ., 
arsenopyrite  6  to  6  4)  to  be  removed  by  washing  ;  roasting 
and  acids  have  to  be  used.  The  columbite  (tantalite), 
whose  specific  gravity  varies  from  5-89  to  6-12,  remains 
finally  with  the  black  tin,  as  it  is  not  attacked  by  ordinary 
acids  at  all. 

The  implements  used  in  assay  laboratories  for 
pulverising  larger  quantities  of  ore  are  a  small  hand- 
crusher  and  a  pulverising  plate.  The  ore  is  usually 
crushed,  sampled  down,  and  then  pulverised  on  the 
rubbing-plate  or  in  a  mortar.  Experience  has  proved  that 
the  common  method  of  grinding  the  whole  sample  to  a 
uniform  size  is  not  suited  to  the  tin  ores  of  the  Black 
Hills.  The  main  reason  for  this  is  the  preponderance  of 
mica.  Anyone  who  has  tried  to  pulverise  mica,  even  if 
previously  heated,  will  appreciate  the  difficulty.  Happily, 
very  little  cassiterite  occurs  in  the  mica  proper,  which  if 
ground  for  a  short  time  only  on  the  rubbing-plate  will  not 
show  any  black  tin  or  other  mineral.  The  pulverisation 
must  be  carried  on  with  the  subsequent  washing  in 
view.  The  first  rule  in  concentration  is,  that  a  good 
preliminary  sizing  should  precede  the  separation  by 
specific  gravity.  The  second  is,  that  the  ore  should  be 
coarse,  to  prevent  loss  in  washing.  The  latter  point  is 
strongly  emphasized  in  the  present  case  by  the  fa<5t  that 
the  brittle  cassiterite  will  be  ground  to  a  slime,  while 
other  minerals  in  the  ore  are  only  converted  into  sands. 
The  writer’s  practice  has  been  to  screen  while  the  ore  is 
being  pulverised,  crushing  and  screening  alternately  with 
a  graduated  series  of  sieves,  Nos.  20,  40,  60,  and  80.  The 
ore  is  crushed  until  all  the  minerals,  with  the  exception 
of  the  mica,  are  fine  enough  to  pass  a  20-inesh  sieve;  the 
mica  is  then  examined  for  any  minerals  adhering  to  it,  and 
these  are  removed  by  grinding,  and  screened.  The 
different  screenings  are  now  washed  separately  in  the  gold 
pad,  and  the  tailings  panned  over.  The  concentrates  ob¬ 
tained  by  the  separate  washings  are  put  together,  dried, 

*  Read  at  the  Colorado  Meeting  of  the  American  Institute  of 
Mining  Engineers,  June,  1889.  From  the  Technology  Quarterly, 
Yol.  iii.,  No.  3. 


and  passed  through  a  60-mesh  sieve,  and  the  washing  is 
repeated,  the  result  being  pure  concentrates  and  tailings. 
These  are  panned  over  if  any  cassiterite  appears. 

The  writer  has  done  all  his  washings  of  tin  ore  in  the 
gold  pan ;  but  any  other  apparatus,  be  it  the  vanning 
shovel  used  in  Cornwall,  or  the  “Sichertrog”  of  the 
Saxon  or  Bohemian  miner,  will,  with  the  necessary 
pradtice,  give  the  same  result.  In  panning,  it  is  found 
very  difficult  to  separate  the  cassiterite  from  the  garnet 
without  losing  much  tin,  although  there  is  a  great  differ¬ 
ence  in  their  specific  gravities,  viz.,  6-4  to  7-1  and  4-1.  It  is 
almost  impossible  to  effedt  a  complete  separation,  as  can 
be  seen  from  the  analysis  of  the  average  sample,  where 
the  insoluble  residue,  9-39  per  cent,  is  principally  garnet. 
This  is  on  account  of  the  different  way  in  which  the 
minerals  break.  Dana*  says  that  both  cassiterite  and 
garnet  have  an  uneven,  subconchoidal  fradture,  and  that 
both  are  brittle ;  they  also  differ  little  in  hardness  (6  to  7 
vs.  67  to  7-5).  But  the  cassiterite  crushes  into  splinters, 
and  the  garnet  into  a  granular  form.  It  is  probably  this 
difference  that  causes  the  difficulty  in  separating  the  two 
minerals;  the  preponderating  particles  of  cassiterite  form  an 
irregular  angular  network,  and  prevent  the  heavy  garnet 
from  being  carried  offby  the  water  with  the  other  minerals 
that  have  a  lower  specific  gravity.  If  garnets  are  present 
in  any  large  quantities  it  will  be  necessary  to  adopt  other 
means  to  remove  them.  Danaf  says  that  all  garnets, 
except  ouvarovite,  are  decomposed  with  hydrochloric  acid 
after  ignition.  That  this  may  be  complete,  the  mineral 
has  to  be  ground  very  fine.  It  will  be  remembered  that 
the  black  tin  used  for  the  experiments  was  roasted, 
chilled,  and  treated  with  nitro-hydrochloric  acid,  and  the 
garnets  were  not  entirely  removed.  If  the  garnet  is  de¬ 
composed,  the  removal  of  the  gelatinous  silica,  either  by 
washing  or  by  hydrofluoric  acid,  is  simple. 

The  black  tin  obtained  by  washing  still  retains  sul¬ 
phides  and  arsenides.  BerthierJ  recommended  boiling 
with  nitro-hydrochloric  acid,  and  burning  off  any  sulphur 
that  might  have  separated.  Plattner§  objects  to  this,  as 
the  sulphur  would  not  all  be  eliminated.  He  reverses  the 
process,  roasting  first  and  then  treating  with  nitro-hydro¬ 
chloric  acid.  Following  Plattner,  the  black  tin  is  roasted 
on  a  dish  in  a  muffle,  and,  to  assist  the  decomposition  of 
the  garnet,  chilled  in  cold  water  after  roasting;  it  is  then 
boiled  in  a  porcelain  dish  with  nitro-hydrochloric  acid, 
which  will  also  remove  particles  of  metallic  iron  coming 
from  the  implements  used  in  grinding;  when  all  the  iron 
is  dissolved,  the  solution  is  poured  off,  and  any  light 
particles  washed  away.  If  necessary,  the  concentrates 
can  be  transferred  to  a  platinum  dish  and  treated  with 
hydrofluoric  acid.  This,  however,  will  rarely  be  required. 

The  roasting  seems  to  have  a  favourable  effecff  on  the 
cassiterite  by  making  it  more  friable  and  more  readily 
reducible.  The  unroasted  cassiterite  of  the  Black  Hills  is 
subtranslucent,  brown  to  black,  and  very  hard  to 
pulverise  ;  the  roasted  mineral  is  opaque,  of  a  more  or 
less  reddish  brown,  and  easily  pulverised.  The  change 
that  takes  place  in  the  reducibility  of  the  ore  is  shown  by 
the  following  experiments  : — 


Table  XXVIII. 


No,  of 
assay. 

Name  of  mine. 

Per  cent  of  tin 
from  raw  ore. 

Per  cent  of 
from  roasted 

168. 

Occidental  . . 

48-90 

49-00 

169. 

Glendale 

65-30 

65  60 

170. 

First  Find  . . 

65'30 

65  80 

I7I. 

Similias 

75-00 

75-00 

The  results  show  that  in  some  cases  (No.  171)  no  dif¬ 
ference  exists  between  raw  and  roasted  concentrates, 
while  in  others  it  may  amount  to  0-5  per  cent. 

*  “  System  of  Mineralogy,”  5th  ed.,  New  York,  1880,  pp.  158  and 

265. 

+  Op.  cit.  p.  270. 

i  “  Traite  des  Essais,”  1S47,  vol.  i i . ,  pp.  486,  487. 

§  “  Blowpipe  Analysis,”  edited  by  Richter,  and  translated  by  Corn¬ 
wall,  New  York,  1885,  p.  466. 
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If  the  preliminary  treatment  of  the  tin  ore  is  carried  out 
in  the  manner  described  there  will  be  a  minimum  of  loss 
in  black  tin. 

VII.  Conclusion. 

From  this  examination  of  the  different  methods  of 
assaying  tin  ores  in  the  dry  way,  it  becomes  apparent 
that,  if  ordinary  precautions  are  taken,  the  necessary 
treatment,  including  the  preliminary  preparation  of  the 
ore,  is  a  comparatively  simple  ma  tter  ;  neither  is  the  in¬ 
fluence  of  the  associated  minerals  so  great,  at  least  with 
the  cyanide  assay,  as  is  generally  supposed.  Lastly,  the 
results  obtained  show  that  the  dry  assay  of  purified  black 
tin  gives  more  accurate  results  than  that  of  any  other  base 
metal,  if  the  few  corre<5t  methods,  none  of  them  requiring 
special  skill,  are  followed  and  ordinary  care  is  given  to 
the  work. 


THE  COEFFICIENT  OF  MINERAL  CON¬ 
DENSATION  IN  CHEMISTRY.* 

By  T.  STERRY  HUNT. 

(Concluded  from  p.  306). 

19.  The  history  of  the  development  of  this  modern  con¬ 
ception  in  chemistry  is  one  of  such  importance  as  to 
demand  a  somewhat  extended  study.  The  earliest  state¬ 
ment,  so  far  as  the  writer  is  aware,  of  the  application  of 
the  do&rine  of  complex  formulae,  of  high  equivalent 
weights,  and  of  homologous  relations  (already  recognised 
among  hydrocarbonaceous  bodies  in  the  domain  of 
organic  chemistry),  to  mineral,  or  inorganic,  chemistry 
will  be  found  in  a  paper  by  him  in  1853.  Therein  it  was 
contended  that  isomorphous  solid  species,  at  least,  “  have 
the  same  equivalent  volume,  so  that  their  equivalent 
weights  (as  in  the  case  of  vapours)  are  dire&ly  as  their 
densities  ;  and  the  equivalents  of  mineral  species  are  as 
much  more  elevated  than  those  of  the  carbon  series  as 
their  specific  gravities  are  higher.”  Referring  to  the 
latter,  “  the  hydrocarbonaceous,  or  so-called  organic, 
species,”  and  to  the  law  of  progressive  or  homologous 
series  therein  first  pointed  out  by  James  Schiel,  of  St. 
Louis,  and  soon  after  adopted  by  Charles  Gerhardt,  it  was 
said  that,  it  may  be  expedted  that  mineral  species  will 
exhibit  the  same  general  relations  as  those  of  the  carbon 
series,  and  the  principle  of  homology  be  greatly  extended 
in  its  application.  The  history  of  mineral  species  affords 
many  instances  of  isomorphous  silicates,  whose  formulae 
differ  by  m(02M2),  as  the  tourmalines,  and  the  silicates  of 
alumina  and  of  magnesia.” 

It  was  then  further  declared  that  the  native  mineral 
carbonates  or  carbon-spars  must  be  represented  as  poly¬ 
carbonates  having  not  less  than  from  “  twelve  to  eighteen 
equivalents  of  base  replaceable  so  as  to  give  rise  to  a 
great  number  of  species  ”  ;  among  which  the  relations  of 
their  densities  were  said  to  “  indicate  the  existence  of 
several  homologous  genera  which  are  isomorphous.”  In 
subsequent  papers,  in  1853  and  1854,  attempts  were  made 
to  show  that  in  these  polycarbonates,  >i(CM03),  the 
different  values  of  n  might  be  not  less  than  22,  25,  30,  36, 
and  40.  Similar  elevated  formulae  were  also  given  in 
1853  for  various  polysilicates,  as  in  the  cases  of  augite, 
amphibole,  and  wollastonite,  and  of  the  felspars,  albite, 
anorthite,  and  orthoclase.  In  this  connedtion  the  com¬ 
plex  silicates  containing  chlorides,  carbonates,  and  sul¬ 
phates  were  considered  and  compared  to  basic  salts. f 


*  From  the  American  Chemical  Journal  for  November,  1890,  vol1 
xii.,  No.  8. 

t  ”  The  Theory  of  Chemical  Changes  and  Equivalent  Volumes,” 
Am.  J.  Sci.,xv.,  (226 — 234) ;  Phil.  Mag.  (4)  v.,  526;  and  in  a  German 
translation  in  the  Chem.  Centrbl.  of  Leipsic  ior  the  same  year 
(p.  849). ;  also  in  the  author’s  11  Chem.  and  Geol.  Essays,”  pp.  427— 
437.  Further,  “  The  Constitution  and  Equivalent  Volume  of 
Mineral  Species,”  Am.  J.  Sci.,  xvi.  (203—218),  and  in  abstract,  in  the 
author’s  “  Chem.  and  Geol.  Essays,’’  p.  435,  &c.  Also,  “  Illustra¬ 
tions  of  Chemical  Homology,”  Proc.  Am.  .isso.  A  dv.  Sci.,  1  £>54,  pp. 
{237 — 247) ;  also,  in  abstract,  Am.  J.  Sci.  for  September  of  the  same 
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The  variations  in  the  ratios  of  silica  and  alumina  in 
nearly  related  species,  and  the  apparent  partial  replace¬ 
ment  therein  of  silica  by  the  latter,  then  impenedtly 
understood,  were  noted  in  1854  as  seeming  to  invalidate 
the  distindtion  between  silica,  as  the  negative  or  acidic 
member,  and  the  positive  or  basylous  member  of  these 
oxidised  compounds,  in  which  alumina  was  at  that  time 
still  included. 

20.  These  views  of  polymerism  in  mineral  species, 
involving  on  the  one  hand  the  conception  of  many  equiva¬ 
lents  of  replaceable  base,  and  on  the  other  of  many  equiva¬ 
lents  of  the  acidic  or  negative  element,  which  might  be 
either  carbonic,  silicic,  or  boric  oxide,  or  might  include 
with  the  latter  alumina,  sulphates,  carbonates,  or  fluorides, 
though  thus  enunciated  in  1853,  found  no  favour  among 
chemists  until  i860,  when  Adolpne  Wurtz  again  put  forth 
the  notion  of  polysilicates,  citing  in  connedtion  therewith 
the  metastannates  of  Fremy,  in  which  the  negative 
negative  element  consists  of  5(Sn02).  The  similar 
metatungstates  or  tetratungstates,  the  pyroborates,  the 
polyphosphates  of  Fleitman  and  Henneberg,  including 
tetraphosphates  and  dekaphosphates,  and  the  not  less 
complex  phosphates  of  Wallroth,  with  9(P205),  soon 
showed  that  such  a  polymerism  is  not  exceptional  in 
negative  or  acidic  oxides.  The  studies  of  other  chemists, 
moreover,  made  it  known  that  similar  compounds,  in¬ 
cluding  different  negative  oxides  of  the  same  or  of  unlike 
valencies,  were  not  less  frequent ;  as  appears  in  the  com¬ 
plex  phosphovanadates  and  arsenovanadates,  in  the 
aluminomolybdates,  the  ferrimolybdates,  the  borotung- 
states,  the  silicotungstates,  the  phosphotungstates,  the 
phosphomolybdates,  the  stannophosphomolybdates,  and 
salts  of  still  greater  complexity  and  of  very  high  equiva¬ 
lent  ;  often  presenting  series  which  illustrate  in  a  striking 
manner  the  extension  to  such  mineral  species  of  the  law 
of  progressive  series. 

The  high  integral  weight,  the  limited  basicity,  and  the 
partial  instability  of  these  complex  salts  are  well  illus¬ 
trated  in  the  phosphomolybdate  of  ammonia  formed  in  the 
ordinary  method  for  determining  phosphorus  thereby. 
This  insoluble  compound,  when  precipitated  in  presence 
of  an  excess  of  chlorhydric  or  nitric  acid,  contains 
i2Mo03.P04.(NH4)3,  besides  2N03.H20  or  2HC1.H20, 
constituting  a  nitro-,  or  a  cblorhydro-,  phosphododeka- 
molbydate  ;  but  by  desiccation  at  150°  these  volatile  acids 
and  water  are  expelled,  leaving  the  phosphomolybdate 
with  3-78  per  cent  of  phosphoric  oxide,  P205. 

21.  We  have  thus  endeavoured  to  trace  the  steps  by 
which,  from  the  writer’s  first  enunciation,  in  1853,  of 
complex  formulae,  high  integral  weights,  and  homologous, 
or  progressive,  series  in  mineral  species,  chemists  have 
been  led  up  to  the  comprehensive  generalisation  which 
Wolcott  Gibbs  has  embodied  in  the  important  conception 
of  what  he  has  called  complex  inorganic  acids.  The 
results  of  chemical  analysis,  while  they  permit  us  in  many 
instances  to  assign  small  integral  weights  to  chemical 
species,  force  us  to  conclude  that  in  other  instances  these 
integral  weights  are  very  elevated,  conclusions  which  in 
the  one  and  in  the  other  case  are  confirmed  alike  by  the 
vapour-density  and  by  the  cryoscopic  method  ;  which 
latter  it  will  be  desirable  to  verify  still  further  by  the 
study  of  many  soluble  salts  of  apparently  complex  consti¬ 
tution. 

22.  The  cases  which  we  have  just  considered  show  in 
chemical  species  of  related  centesimal  composition,  as  in 
formaldehyd,  xylose,  glucose,  the  higher  sugars,  the 
dextrines  and  soluble  starch,  integral  weights  rising  from 
30,  150,  and  180  to  numbers  which  cannot  be  less  than 
thousands.  These  figures  suggest  for  chemical  species  a 
range  of  integral  weights  which  may  conceivably  rise  to 
that  of  the  mineral  species  itself.  Instead  of  being,  as  in 
glucose  and  other  sugars,  a  multiple  of  the  chemical 
integer  by  a  high  number,  the  coefficient  for  the  mineral 

year;  and  noticed,  with  extracts,  in  the  author’s  “  Chem.  and  Geol. 
Essays,”  p.  438  et  seq.  The  whole  question  is  further  discussed  in 
the  author’s  “  Mineral  Physiology,  &c.,”  pp.  288—295, 
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species  becomes  a  small  one,  as  in  the  case  of  the  dextrines 
and  soluble  starch,  or  of  the  cobaltamines  and  the 
polytungstates.  So  far  as  is  yet  known,  however,  there 
intervenes,  in  all  cases,  a  greater  or  less  polymerisation, 
the  study  of  which  will  be  found  to  have  important  thermo 
chemical  relations. 

If  we  consider  the  four  groups  of  sugars  represented 
chemically  by  xylose  and  arabinose  (C5),  glucose  (Cq), 
saccharose  (CI2),  and  raffinose  (Cis),  but  having  for  the 
mineral  species  essentially  the  same  specific  gravity, 
assumed  to  be  1*5,  we  shall  have  for  the  coefficients  of 
the  mineral  species,  respectively,  the  numbers  214,  180, 
94,  and  54,  corresponding  to  a  common  integral  weight, 
therefore,  of  32, 100;  xylose  being  2I4(C5Hio05),  glucose 
i8o(C6HI206),  &c.  In  the  case  of  the  volatile  polymeric 
hydrocarbons  already  mentioned  (§8),  cdtodecylene 
(CH2)i8,  cerotene  (CH2)27,  and  melene  (CH2)30,  assuming 
the  specific  gravities  assigned  for  the  solids,  namely,  079, 
0’86,  and  o'8g,  to  be  correct,  we  have  respectively  the 
coefficients  for  the  solid  mineral  species  of  67,  48,  and  45. 
Melene  will  be  45(CH2)30,  cerotene.  48(CH2)27,  and 
oCtodecylene  67(CH2)!8. 

23.  The  ammonio-cobalt  salts,  from  the  results  of 
chemical  analysis,  have  necessarily  high  integral  weights 
for  the  chemical  species,  and  have  assigned  to  them 
densities  of  about  17 — 18;  the  former  figure  cor¬ 
responding  to  an  integral  weight  for  the  mineral  species 
of  about  36,380.*  The  minimum  chemical  weight  for  the 
orthometaphosphate  of  luteocobalt  (  =  2540)  would  demand 
a  coefficient  for  the  mineral  species  of  14,  since 
14X2540  =  35,580.  In  like  manner  the  soluble  crystalline 
hydrous  polyphosphotungstates  have  for  sodium  salts, 
according  to  Scheibler,  specific  gravities  of  3-84 — 3'g8, 
and  for  a  barium  salt  4-3.  I  find  no  determination  of 
specific  gravity  for  the  highly  complex  polyphosphovana- 
date  (§1)  to  which  Gibbs  assigns  a  chemical  weight  of 
20,058,  and  which,  should  its  coefficient  of  polymerisation 
be  4,  would  have  a  specific  gravity  of  375,  nearly.  More 
or  less  uncertainty  must,  however,  still  exist  with  regard 
to  the  true  chemical  formulae,  and  consequently  to  the 
integral  weights  of  chemical  species  of  such  complex 
constitution  as  those  now  under  consideration.  Undertbe 
name  of  tungsten-bronzes  have  been  conveniently  included 
several  anhydrous  crystalline  bodies,  metallic  in  lustre, 
conductors  of  electricity  and  highly  eleCtro-negative, 
which  are  nevertheless  oxidised  compounds  of  tungsten 
and  an  alkali-metal.  The  tungsten  bronze  first  described 
by  Wohler  is,  in  the  opinion  of  Gibbs,  probably 
i6W03.4W03.7Na20(  =  5002).  To  this  has  been  assigned 
a  specific  gravity  of  6  617  ;  to  another  sodium  species, 
7-28  ;  and  to  a  potassium  species,  7-60. 

24.  ThefaCt  that  in  the  soluble  hydrous  polytungstates, 
hydrocarbon  radicles  like  methyl,  ethyl,  and  phenyl  may 
enter,  helps  to  break  down  the  barrier,  not  yet  wholly 
removed,  which  once  separated  the  so-called  organic  and 
inorganic  compounds  (§2).  Even  the  stability  of  insoluble 
silicates  is  not  proof  against  similar  changes,  as  shown  in 
the  case  of  artificial  ultramarine.  This,  which  is  got  as 
a  blue,  green,  or  violet  crystalline  powder,  appears  to  be 
essentially  a  peculiar  sodium  aluminosilicate  in  which  the 
oxygen  is  partially  replaced  by  sulphur.  By  digestion 
with  a  solution  of  silver  nitrate  a  yellow  substance  is  got 
in  which  silver  replaces  sodium,  and  this  with  ethyl  iodide 
yields  a  compound  into  which  the  alcohol  radicle  enters, 
and  which  by  subsequent  tieatment  with  sodium  chloride 
gives  off  ethyl  chloride  and  regenerates  blue  ultramarine. 
The  silver  in  the  yellow  species  may  also  be  replaced  by 
potassium  or  by  lithium,  the  last  giving  also  a  blue  ultra- 


*  The  revision  by  Crafts  in  1888  of  Regnault’sdetermination  of  the 
weight  of  a  litre  of  hydrogen  in  the  latitude  of  Paris,  making  it  o'oSgSS 
grrn.  (instead  of  0'o8t)75  grm.)  gives — if  0  =  15-96— for  the  integral 
weight  of  water  21,335  in  place  of  2t,4o6.  In  the  uncertainty  which 
still  prevails  as  to  the  precise  value  of  oxygen  as  compared  with 
hydrogen,  we  may  yet  retain  for  water — the  unit  of  specific  gravity 
for  liquids  and  solids — the  number  hitherto  adopted,  21.400,  as  a  close 
approximation,  since  the  difference  would  Only  involve  an  error  of 
about  three-thousandths  of  a  unit  in  such  specific  gravities, 


marine.  Similar  compounds  are  obtained  from  ultramarine 
with  the  iodides  of  amyl,  ally!,  and  benzyl.*  It  is 
probable  that  only  their  great  insolubility  prevents  us 
from  getting  somewhat  similar  results  with  more  highly 
condensed  silicates,  such  as  the  felspars,  micas,  and 
tourmalines. 

25.  It  will  be  clear  to  those  who  have  followed  the 
pteceding  argument,  that  in  cases  where  neither  the 
vapour-density  nor  the  cryoscopic  method  can  be  evoked, 
that  is  to  say  in  non-volatile  and  insoluble  mineral  species, 
we  have  not  the  means  of  determining  the  integral  weight 
of  the  chemical  species  which  by  its  subsequent  condensa¬ 
tion  generates  such  mineral  species;  or  of  discovering 
whether  this  may  have  attained  that  condensation  by  a 
single  step  or  by  successive  stages.  Thus,  by  hypothesis, 
a  solid  like  retene  might  be  generated  diredtly  by  the 
intrinsic  condensation  of  acetylene,  or  from  benzene  ;  the 
produdtion  of  the  latter  hydrocarbon  marking  an  inter¬ 
mediate  stage  in  the  progress  of  homogeneous  integration. 
What  stages,  if  any,  intervene  in  the  passage  from  the 
soluble  normal  calcium  carbonate  to  the  insoluble  crystal¬ 
line  mineral  species,  calcite  and  aragonite,  we  may  never 
know,  though  from  the  existence  of  these  two  mineral 
species  of  identical  centesimal  composition  with  different 
degrees  of  condensation  and  of  solubility  in  acids,  corre¬ 
sponding  to  the  differences  observed  in  the  various 
polymers  of  many  hydrocarbons,  aldehyds,  &c.,  we'may 
with  great  probability  suspedt  the  existence  of  intermediate 
and  unstable  stages  of  condensation  in  calcium  carbonate. 
The  same  argument  applies  equally  to  the  unlike  forms  of 
silicon  dioxide,  tridymite,  and  quartz,  differing  alike  in 
specific  gravity  and  in  solubility;  to  the  two  forms  of  iron 
disuiphide  ;  and  to  other  cases  too  many  to  recall. 

26.  We  can  in  very  many  cases  recognise  at  least  two  dis- 
tindt  stages  of  polymerisation  in  the  passage  of  a  given 
chemical  species,  either  simple  or  compound,  into  a  mine¬ 
ral  species.  The  first  stage  is  seen  when  the  vapour  of 
sulphur  (S2)  passes  by  intrinsic  condensation  into  the 
denser  vapour  (Sg)  ;  gaseous  acetylene  into  the  vapour  of 
benzene,  of  cinnamene,  or  of  retene;  or  when  formal- 
dehyd  dissolved  in  water  is  changed  to  an  aqueous  solu- 
tion  of  formose.  The  second  stage  is  seen  in  the  passage 
of  the  dense  sulphur  vapour,  the  polymerised  hydrocarbon 
vapours,  or  the  dissolved  formose,  into  liquid  or  solid 
forms.  For  the  great  multitude  of  mineral  species  of 
which  the  corresponding  volatile  or  soluble  species  are 
unknown  to  us,  the  means  of  marking  these  separate 
stages  are  wanting,  and  we  have  but  two  data:  the  spe¬ 
cific  gravity  of  the  mineral  species,  water  being  unity,  and 
the  equivalent  weight  as  deduced  from  the  results  of  che¬ 
mical  analysis  ;  d  =  the  specific  gravity  and  p  =  the 
equivalent  weight.  The  latter,  for  compound  species, 
may  be  calculated  from  the  simplest  formula  which  repre¬ 
sents  intelligibly  the  results  of  such  analysis, — or,  as  we 
have  elsewhere  proposed  as  the  basis  of  a  wider  com¬ 
parison  which  should  include  all  metallic  oxides,  salts, 
and  haloid  compounds — by  the  adoption  for  p  of  a  still 
simpler  and  an  arbitrary  unit.  For  all  such  species  “  we 
assume  as  the  unit  for  p  a  weight  including  that  of 
H  =  i,  of  Cl=35-5,  or  of  0-P2  =  8.  By  thus  adopting  a 
combining  weight  of  8  0  for  oxygen,  we  get  a  unit  which 
gives  a  common  term  of  comparison  for  oxides,  sulphides, 
chlorides,  fluorides,  and  for  intermediate  compounds  like 
the  oxysulphides  and  oxyfluorides  common  in  native 
species.”  For  all  silicates,  carbonates,  sulphates,  phos¬ 
phates,  and  more  complex  species,  we  find  the  value  for 
p  “  by  dividing  in  all  cases  the  empirical  equivalent 
weight  by  twice  the  number  of  oxygen  portions  (0  =  i6 
plus  the  number  of  chlorine  or  fluorine  portions. ”f  This 

*  For  a  summary  of  the  results  of  the  study  of  ultramarine  by 
N eumann,  Philipp,  and  de  Forcrand,  see  ”  Watts’s  Didt.  Chem.,”3rd 
Suppl.,  2069—2071. 

1  f  For  a  further  discussion  of  this  question  see  the  author  on 
Chemical  Integration  in  A  in  J.Sci.  for  August,  and  in  Chem.  News, 
lvi.,  136,  T42;  also  his  volume,  “A  New  Basis  for  Chemistry,”  r888, 
2nd  ed  ,  pp.  225— 227,  and  a  French  translation  thereof  by  Prof.  W. 
Spring,  with  additions  by  the  author, entitled  11  Un  Systeme  Chimique 
Nouveau,”  Paris,  1889. 
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method  was  already  adopted  by  the  author  in  1886,  and 
he  has  since  proposed  to  complete  it  by  the  device  of  a 
notation  as  near  as  may  be  monadic,  in  which,  by  the  use 
of  various  kinds  of  type,  the  valencies  of  the  combining 
elements  are  made  apparent.* 

27.  Since  the  arbitrary  mean  chemical  unit  p,  thus 
assumed,  represents  in  all  cases  an  aliquot  part  of  the 
chemical  species,  however  simple  or  however  complex, 
which  by  its  final  intrinsic  condensation  has  generated  the 
mineral  species  whose  specific  gravity  (  =  rf)  is  known,  it 
follows  that  the  equation  />=4  =  2,  giving  in  2  the  reci¬ 
procal  of  the  coefficient  of  condensation,  permits  a  ready 
comparison  of  the  relative  condensation  in  mineral 
species,  upon  which,  as  we  have  elsewhere  endeavoured 
to  show,  the  hardness  and  the  chemical  indifference  of 
solids  depend. 

It  will  be  remembered  that  p,  which  represents  the 
equivalent  weight  of  the  chemical  unit,  corresponds  in  the 
last  analysis  to  the  specific  gravity  of  that  unit  presumed 
to  be  gaseous, — hydrogen  gas  at  standard  temperature 
and  pressure  being  unity  (H  =  i), — while  d  represents  the 
specific  gravity  of  the  liquid  or  solid  mineral  species, 
liquid  water  at  its  point  of  condensation  at  standard 
pressure  being  unity  (1  =  21,400).  The  value  deduced 
from  this  conventional  p  is  readily  adapted  to  any  rational 
formula  which  may  be  admitted  for  the  species  in 
question.  Thus  quartz,  represented  as  silicon  dioxide, 
Si02  =  6o-r4  =  i5=£,  and  this  being  divided  by  2-65,  the 
specific  gravity  of  quartz,  we  find  2  =  5-66,  which  for  Si02 
gives  2  =  22-54.  We  have  then  the  proportion  — 

22-64  :  21,400  : :  1  :  945. 

In  other  words,  if  simple  silicon  dioxide  passes  direCtly 
into  the  mineral  species  quartz,  the  coefficient  of  con¬ 
densation  is  approximately  945,  or  perhaps  95o(Si02). 
Should  it  be  found,  as  is  probable,  that  silicon  dioxide  in 
its  soluble  colloidal  condition  is  a  polymer  of  greater  or 
less  equivalent  weight,  represented  by  (Si02)io  or  by 
(Si02)50,  the  above  coefficient  therefor  would  be  divided 
by  these  numbers  :  the  total  coefficient  of  mineral  con¬ 
densation,  comprising  two  or  even  more  stages,  being  in 
each  case  the  same.  In  the  application  of  Raoult's 
method  to  colloidal  silica,  the  reduction  of  the  freezing 
point,  according  to  Sabaneeff,  was  so  slight  that  the 
values  all  came  within  the  limits  of  errors  of  observation,! 
as  would  also  appear  to  be  the  case  with  soluble  starch. 

To  take  another  example,  calcite — 

CCa03=  100  =  6=  1666=/. 

Dividing  p  by  2-73,  as  the  specific  gravity  of  calcite,  we 
find  2  =  6"io  nearly,  which  for  CCa03  gives  2  =  36  6. 

36  6  :  21,400  : :  1  :  584. 

The  condensation  from  CCa03  to  calcite  of  specific 
gravity  2-73  is  thus  represented  by  584(CCa03).  Here, 
too,  as  in  the  case  of  silicon  dioxide,  it  is  probable  that 
there  exists  an  intermediate  polymer,  represented  by  a 
soluble  form  of  carbonate  of  lime,  long  since  noticed  by 
the  writer,  j 

28.  These  numbers  thus  arrived  at  for  quartz  and  for 
calcite  are,  of  course,  but  approximations,  since  the 
exaCt  equivalent  weights  of  oxygen  and  of  silicon  are 
still  uncertain,  and  since,  moreover,  there  are  small  varia¬ 
tions  in  the  specific  gravity  of  the  mineral  species  them¬ 
selves,  from  which  Breithaupt  with  much  plausibility 
conjectured,  in  the  case  of  calcite,  the  existence  of  several 
species,  rhombohedral  in  form,  with  specific  gravities 

*  See  in  the  author’s  “  Mineral  Physiology  and  Physiography  ”  an 
essay  on  “  A  Natural  System  of  Mineralogy,  with  a  Classification  of 
Silicates;  and  later,  Notes  on  Valency,  Basicity,  Complex  Acids, 
and  Chemical  Notation:  Chum.  News,  Ixi.,  267. 

+  Am.  J.Sci.  (III.),  xl.,  87.  .  . 

i  Recently-precipitated  and  still  gelatinous  calcium  carbonate  is 
soluble  in  water  containing  small  quantities  of  calcium  chloride  or  of 
magnesium  sulpnate,  a  litre  at  ordinary  temperatures  h°lding  lor 
many  hours  a  grm  or  more  of  the  dissolved  carbonate,  which,  how¬ 
ever,  finally  separates  completely  in  transparent  hydrated  crystals, 
L)Ca03  5H20.  See  the  “  History  of  Lime  and  Magnesia  Salts,  Am. 
J,  Sci.,  1866,  (2),  xiii.,58,59;  also  “  Mineral  Physiology,  &c.,"p.  168. 


ranging  from  2-652  to  2-754.  Ad  the  same  time  we  must 
not  overlook  the  calcium  carbonate,  aragonite,  harder 
and  less  soluble  in  acids,  with  a  specific  gravity  of  2"g4, 
showing  a  higher  intrinsic  condensation  than  any  calcite. 

We  have  spoken  of  the  views  advanced  in  this  paper  as 
based  on  an  hypothesis.  It  is,  however,  an  hypothesis 
founded  on  a  belief  in  the  universality  and  the  invaria¬ 
bility  of  the  law  of  volumes,  and  one  which  appears  to 
be  in  complete  harmony  with  the  facts  of  chemistry  so 
far  observed.  As  one  of  the  conclusions  of  a  lifetime 
devoted  to  the  study  of  certain  chemical  problems  dis¬ 
cussed  more  at  length  in  the  later  editions  of  his  “  New 
Basis  for  Chemistry,”  the  writer  now  submits  his  paper 
to  the  judgment  of  philosophers. 
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Shelford  Bidwell,  F.R.S. ,  showed  “  Some  Experiments 
with  Selenium  Cells.'* 1’ 

The  crystalline  variety  of  selenium  was,  he  said,  most 
interesting  to  physicists  owing  to  its  electrical  resistance 
being  greatly  diminished  by  light.  This  property  was 
shown  experimentally  with  different  forms  of  cells,  the 
construction  of  which  were  explained.  The  form  recom¬ 
mended  was  that  in  which  two  copper  wires  are  wound 
near  each  other  round  a  slip  of  mica,  and  the  spaces 
between  the  wires  filled  with  seleninm.  The  wires  form 
the  terminals  of  the  so-called  “  cell,”  which,  beiore  being 
used,  is  annealed  for  several  hours  at  a  temperature  above 
2ooc  C.  Many  such  cells  were  made  in  1880  and  1881,  and 
their  sensitiveness  to  light  remained  unimpaired  during 
1882.  In  1885,  however,  several  were  found  less  sensitive, 

1  and  others  totally  useless;  only  one  out  of  thirteen 
retained  its  sensibility  till  September,  1890.  The  loss  of 
sensitiveness,  Mr.  Bidwell  believes  due  to  an  excessive 
amount  of  selenide  of  copper  being  formed,  for  although 
some  selenide  is  essential  to  the  satisfactory  working  of 
the  cell,  too  much  is  fatal  to  its  aCtion.  The  selenide  of 
one  deieCtive  cell  was  electrolysed,  red  tufts  of  amorphous 
selenium  appearing  on  the  anodes.  A  white  substance 
resembling  moist  calcium  chloride  was  also  present ;  this 
he  believed  to  be  oxide  or  hydroxide  of  selenium.  Small 
polarisation  currents  had  been  obtained  from  selenium 
cells. 

A  leCture  apparatus  illustrating  the  properties  of 
selenium  cell  was  exhibited.  It  consisted  of  a  cell  con¬ 
nected  in  series  with  a  relay  and  a  battery.  The  relay  was 
arranged  so  that  it  might  either  ring  a  bell  or  light  an  in¬ 
candescent  lamp.  When  the  bell  was  joined  up,  it 
remained  silent  so  long  as  the  selenium  cell  was  illu¬ 
minated,  but  on  screening  the  cell  the  bell  rang.  By 
using  various  coloured  glasses  as  screens,  the  effeCt  was 
shown  to  be  due  to  the  red  and  yellow  rays.  A  similar 
experiment  with  the  glow-lamp  was  very  striking,  for  on 
turning  down  the  gas-lamp  illuminating  the  cell,  the 
eleCtric  lamp  lighted,  and  was  extinguished  on  turning  up 
the  gas.  This  demonstrated  the  possibility  of  an  auto¬ 
matic  lamp-lighter  which  would  light  or  put  out  lamps 
according  as  they  are  required  or  are  superfluous.  Amongst 
the  other  practical  applications  suggested  were,  an¬ 
nouncing  the  accidental  extinction  of  railway-signal  lamps 
or  ship’s  lights,  and  the  protection  of  safes  and  strong¬ 
rooms. 

Prof.  Minchin  said  he  had  lately  constructed  cells  of  a 
different  kind  to  those  shown  by  Mr  Bidwell,  and  found 
that  they  gave  an  E.M.F.  when  exposed  to  light.  For  his 
purposes  the  long  annealings,  &c.,were  quite  unnecessary, 
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ird  a  ccmrle’e  cell  cculd  re  trade  in  tec  minutes.  One 
of  bis  cei  s  -■  ave  an  E  M  F.  of  ever  C25  vclt.  as  measured 
by  an  electrometer,  bv  tfce  l:gfct  of  a  foe.  Tbeir  prompt¬ 
ness  or  action  falls  off  in  a  day  or  two,  bet  i:  the>  are  kept 
cn  epen  circuit  a  week  has  no  effect  cn  the  final  E.M.F. 
On  cicsea  ci-cnit,  however,  they  deteriorate. 

Prci.  S.  U.  Pickering  said  both  cx:des  cf  selenium 
were  deliquescent.  and  the  author’s  conclusion  as  to  the 
white  substance  formed  by  electrolysis  was  probably 
correfi. 

Prof.  S.  P.  Thompson  believed  Pro:.  Graham  Beil  had 
tried  platinum  instead  of  copper,  and  found  that  the 
selenium  cracked  cn  in  annealing.  He  also  found  that  it 
was  only  necessary  to  carry  on  the  annealing  until  the 
characteristic  slate  colour  appeared.  Mr.  Bldweli’s 
experiments,  he  sa  d,  showed  the  possibility  of  seeing  at 
a  distance,  and  had  also  suggested  to  him  that  the  effect 
cf  screening  might  be  utilised  for  driving  a  completely- 
detached  penduiem  electrically. 

Prof.  Fcksxs  said  that  s  iver  sulphide  when  eledrolysed 
presented  appearances  resembling  those  noticed  by  Mr. 
Bidweii  in  copper  selemde. 

In  reply  to  questions  from  the  President  and  Prof. 
Perry  as  to  whether  the  low  resistance  and  unsensitive- 
ness  of  old  cells  was  due  to  moisture,  Mr.  Bidwell  said, 
crying  them  had  no  efted,  but  baking  restored  the  resist¬ 
ance,  but  not  their  sensitiveness.  Speaking  of  tfce  effed 
of  annealing  ceKs.  he  said  this  reduced  tie  r  resistance 
ccnsiderahly.  Prof.  Graham  Beli,  he  believed,  gave  up 
using  platinum  because  the  resistances  of  such  cells  were 
very  high. 

Mr.  James  Swinburne  read  a  paper  on  “  Alternate 
Current  Condensers.'' 

It  is.  he  said,  generally  assumed  that  there  is  no  diffi¬ 
culty  in  making  commercial  condensers  for  h  gh  pressure 
alternating  currents.  1  he  first  d. Scully  is  insulation,  for 
the  a  electric  must  be  very  thin,  else  the  volume  of  the 
condenser  is  too  great.  Seme  dieledrics,  o’2  m.m.  thick, 
can  be  made  to  stand  up  to  Sooo  volts  when  in  small 
pieces,  but  in  complete  condensers  a  much  greater  margin 
must  be  allowed.  Another  difficulty  arises  from  absorp¬ 
tion,  and  whenever  this  occurs  the  apparent  capacity  is 
greater  than  the  calculated.  Supposing  the  fibres  of 
paper  in  a  paper  condenser  to  be  ccndudors  embedded  in 
insulating  hydrocarbon,  then  every  time  the  condenser  is 
charged  the  fibres  have  their  ends  at  different  potentials, 
so  a  current  passes  to  equalise  them  and  energy  is  lost. 
This  current  increases  tfce  capacity.  One  condenser  made 
of  paper  boiled  in  ozokerite  took  an  abnormally  large 
current  and  heated  rapidly.  At  a  high  temperature  it 
gave  c ff  water,  and  the  power  wasted  and  current  taken 
gradually  decreased. 

When  a  thin  plate  of  mica  is  rut  between  tin  foils,  it 
heats  excessively  ;  and  the  fall  of  potential  over  the  air 
films  separating  the  mica  and  foil  is  great  enough  to  cause 
disruptive  discharge  to  the  surface  of  the  mica.  There 
appears  to  be  aluminous  layer  of  minute  sparks  under  the 
foils,  and  there  is  a  strong  smell  of  czcne. 

In  a  dielectric  wnich  heats,  there  may  be  three  kinds  of 
conduction,  viz.,  metallic,  when  an  ordinary  condudtor  is 
em_edded  in  an  insulator;  disruptive,  as  probably  occurs 
in  the  case  cf  mica  ;  and  eiecrroly  tic,  which  might  occur  in 
glass.  In  a  transparent  c  electric  the  conduction  must  be 
either  electrolytic  or  disruptive,  otherwise  hght  vibrations 
would  be  damped. 

The  cielearic  loss  in  a  cable  may  he  serious.  Calcu¬ 
lating  from  the  waste  in  a  condenser  made  of  paper 
soaked  in  hot  ozokerite,  the  loss  in  one  of  the  Deptford 
ca  ts  came  cut  7000  Watts.  Another  effect  observed 
at  Deptford  is  a  rise  of  pressure  in  the  mains.  Tcere  is 
as  yet  no amheritive  statement  as  to  exactly  what  happens, 
and  it  is  generally  assumed  ttat  the  effed  depends  on  the 
relation  c:  capacity  to  self-induction  and  is  a  son  of  resonator 
action.  This  would  need  a  large  self-induction,  and  a 
small  change  of  speed  would  stop  the  effed.  The  following 
explanation  is  suggested,  When  a  condenser  is  put  on  a 


d\namo,  the  condenser  current  leads  relatively  to  the 
electromotive  force,  and  therefore  strengthens  the  field 
magreis  ana  increases  the  p  essure.  In  otder  to  test  this, 
the  ollowing  experiment  was  made  for  the  author  by  Mr. 
W.  F.  Boutne.  A  Gramme  alternator  was  coupled  to  the 
low  pressure  coil  of  a  transformer,  and  a  hot-wire  volt¬ 
meter  put  across  tre  primary  circuit.  On  putting  a 
ccnder.ser  on  the  high  pressure  circuit  the  voltmeter  wire 
fused.  Tfce  possibility  of  making  an  alternator  excite 
itself  like  a  series  machine,  by  putting  a  condenser  on  it, 
is  pointed  out. 

Prof.  Perry  said  it  would  seem  possible  to  obtain 
energy  from  an  alternator  without  exciting  the  magnets 
independently,  the  field  being  altogether  due  to  the 
armature  currents. 

Mr.  Swinburne  remaiked  that  this  could  be  done  by 
making  the  rotating  magnets  a  star-shaped  mass  of  iron. 

Sir  W.  Thomson  thought  Mr.  Swinburne's  estimate  of 
the  loss  in  the  Deptford  mains  was  rather  high.  He  him¬ 
self  had  calculated  the  power  spent  in  charging  them,  and 
found  it  to  be  about  16  horse  power,  and  although  a  con¬ 
siderable  fraction  might  be  lost,  it  would  not  amount  to 
nine-sixteenths.  He  was  surprised  to  hear  that  glass 
condensers  heated,  and  inquired  whether  this  heating  was 
cue  to  flashes  passing  between  the  foil  and  the  glass. 

Mr.  A.  P.  Trotter  said  Mr.  Ferranti  informed  him  that 
the  capacity  of  his  mains  was  about  £  microfarad  per  mile, 
thus  making  m.i's.  for  the  seven  miles.  The  heaping 
up  of  tfce  potential  only  took  place  when  transformers 
were  used,  and  not  when  the  dynamos  were  connected 
direct.  In  the  former  case  tr.e  increase  of  volts  was  pro¬ 
portional  to  the  length  of  main  used,  and  S500  at  Dept¬ 
ford  gave  10,000  at  London. 

Mr.  Blakesley  described  a  simple  method  of  deter¬ 
mining  the  loss  of  power  in  a  condenser  by  the  use  of 
three  electro-dynamometers,  one  of  which  has  its  coils 
separate.  Of  these  coils  one  is  put  in  the  condenser 
circuit  and  the  other  in  series  with  a  non-inductive  resist¬ 
ance,  r,  shunting  the  condenser.  If  a2  be  the  reading  of 
a  dynamometer  in  the  shunt  circuit,  and  a3  that  of  the 
divided  dynamometer,  the  power  lost  is  given  by  r  (Cti5 — 
Eo2},  where  B  and  C  are  the  constants  of  the  instruments 
on  which  a2  ana  a3  are  the  respective  readings. 

Prof.  S.  P.  Thompson  asked  if  Mr.  Swinburne  had 
found  any  dielectric  which  had  no  absorption.  So  far  as 
he  was  aware  pure  quartz  crystal  was  the  only  substance. 

Prof.  Forbes  said  Dr.  Hopkinson  had  found  a  glass 
which  showed  none. 

Sir  W.  Thomson,  referring  to  the  same  sufcjedt,  said 
that  many  years  ago  he  made  some  tests  on  glass  bottles 
which  showed  no  appreciable  absorption.  Sulphuric  acid 
was  used  for  the  coatings,  and  he  found  them  to  be  com¬ 
pletely  discharged  by  an  instantaneous  contact  of  two 
balls ;  the  duration  of  contact  would,  according  to  some 
remarkable  mathematical  work  done  by  Hertz  in  1SS2,  be 
about  0-0004  second,  and  even  this  short  time  sufficed  to 
discharge  them  completety.  On  the  other  hand,  Leyden 
jars  with  tinfoil  coatings  showed  considerable  absorption, 
and  this  he  thought  due  to  want  of  close  contact  between 
the  foil  and  the  glass.  To  test  this  he  suggested  that 
mercury  coatings  be  tried. 

Mr.  Kapp  considered  tbe  loss  of  power  in  condensers 
due  to  two  causes  :  first,  that  due  to  the  charge  soaking 
in  ;  and  second,  to  imperfect  elasticity  of  the  dieledbric. 
Speaking  of  the  extraordinary  rise  of  pressure  on  the 
Deptford  mains,  he  said  he  had  observed  similar  effedts 
with  other  cables.  In  his  experiments  the  sparking 
distance  of  a  14000  volt  transformer  was  increased  from 
if  of  an  inch  to  1  inch  by  connecting  the  cables  to  its 
terminals.  No  difference  was  detected  between  the 
sparkmg  distances  at  the  two  ends  of  the  cable,  nor  was 
any  rise  of  pressure  observed  when  the  cables  were  joined 
diredt  on  the  dynamo.  In  bis  opinion  the  rise  was  due  to 
some  Rind  of  resonance,  and  would  be  a  maximum  for 
some  particular  frequency. 

Mr.  Mordey  mentioned  a  peculiar  phenomenon  ob- 
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served  in  the  manufacture  of  his  alternators.  Each  coil  condenser.  The  flask  is  kept  in  water  at  354  and  the 


was  tested  to  double  the  pressure  of  the  complete  dynamo, 
bnt  when  they  were  all  fitted  together  their  insulation 
broke  down  at  the  same  volts.  The  difficulty  had  been 
overcome  by  making  the  separate  coils  to  stand  much 
higher  pressures. 

Prof.  Rucker  called  attention  to  the  fad  that  dielectrics 
alter  in  volume  under  eledric  stress,  and  said  that  if  the 
material  was  imperfedly  elastic,  some  loss  would  result. 

The  President  said  that  as  some  doubt  existed  as  to 
what  Mr.  Ferranti  had  adually  observed,  he  would  illus¬ 
trate  the  arrangements  by  a  diagram. 


worm  is  cooled  to  23  or  30.  The  gas  traverses  a  tube  of 
silver  fluoride,  heated  to  6o°,  which  arrests  ally  1  iodide, 
and  is  colleded  over  mercury.  Allyl  fluoride  is  a 
colourless  gas  with  an  odour  of  garlic  and  a  burning 
taste.  It  is  easily  ignited  and  burns  with  a  smoky  flame, 
giving  off  vapours  of  hydrofluoric  acid.  If  cooled  to  i5 
it  is  liquefied  at  a  pressure  of  760  m.m.  Water  dissolves 
2\  vols.  of  this  gas  at  15%  alcohol  dissolves  60  vols.,  and 
ether  100  vols.  Its  specific  gravity  taken  at  160  is  in  the 
mean  2‘ii,  theory  requiring  2’io.  Its  composition  is 
C3H5EI. 


Explanation  of  Diagram  : — Tr  and  T2  are  large  trans¬ 
formers  ;  ti  and  f2  are  small  transformers  for  voltmeters 
Vi  and  V2;  the  numbers  1,  4,  1,  25,  represent  their  con¬ 
version  ratios. 

Speaking  of  condensers  he  said  he  had  recently  tried 
plates  in  water  to  get  large  capacities,  but  so  far  had  not 
been  successful. 

Mr.  Swinburne,  in  replying,  said  he  had  not  made  a 
perfect  condenser  yet,  for  although  he  had  some  which 
did  not  heat  much,  they  made  a  great  noise.  He  did  not 
see  how  the  rise  of  pressure  observed  by  Mr.  Ferranti  and 
Mr.  Kapp  could  be  due  to  resonance.  Mr.  Kapp’s  experi¬ 
ment  was  not  conclusive,  for  the  length  of  spark  is  not  an 
accurate  measure  of  electromotive  force.  As  regards  Mr. 
Mordey’s  observation,  he  thought  the  abtion  explicable  on 
the  theory  of  the  leading  condenser  current  acting  on  the 
field  magnets.  The  same  explanation  is  also  applicable 
to  the  Deptford  case,  for  when  the  dynamo  is  direct  on, 
the  condenser  current  is  about  10  amperes,  and  this  exerts 
only  a  small  influence  on  the  strongly  magnetised  mag¬ 
nets.  When  transformers  are  used  the  field  magnets  are 
weak,  whilst  the  condenser  current  rises  to  40  amperes. 

Mr.  Blakesley’s  method  of  determining  losses  was,  he 
said,  inapplicable,  except  where  the  currents  were  sine 
functions  of  the  time,  and  consequently  could  not  be  used 
to  determine  loss  due  to  hysteresis  in  iron,  or  in  a  trans¬ 
parent  dielectric. 

Mr.  Swinburne’s  “  Note  on  Ele&rolysis  ”  was  postponed 
till  next  meeting. 


CHEMICAL  NOTICES  FROM  FOREIGN 
SOURCES. 


Note. — All  degrees  of  temperature  are  Centigrade  unless  otherwise 
expressed. 

Comptes  Rendus  Hebdomadaires  des  Seances,  de  ’  Academic 
des  Sciences.  Vol.  cxi.,  No.  23,  December  S,  1890. 

On  Allyl  Fluoride.  —  H.  Meslans.  —  The  author 
pours  drop  by  drop  allyl  iodide  upon  dry  silver  fluoride 
contained  In  a  small  copper  flask  fitted  with  an  ascending 


On  some  Endothermic  and  Exothermic  Reactions 
of  the  Organic  Alkalies. — Albert  Colson. — The  author 
compares  diisobutylamine  with  the  alkaline  earths.  The 
formation  of  a  molecule  of  barium  oxalate  evolves  5  6 
cals. ;  that  of  a  molecule  of  diisobutylamine  oxalate  6-5 
cals. 

On  Certain  Derivatives  of  Dimethylaniline. — Chas. 
Laut'n. — Dimethylaniline  if  submitted  to  the  adion  of 
various  oxidising  agents  forms  Paris  violet.  If  lead  per¬ 
oxide  is  used  as  the  oxidising  agent  the  produd  is  tetra- 
methylbenzidine,  Ci6H20N2.  The  nucleus,  CgHj,  is 
attacked,  whilst  in  the  formation  of  Paris  violet  the 
group  CH3  is  oxidised  and  yields  the  methanic  carbon 
necessary  for  the  development  of  this  colouring  matter. 


Revue  Generate  des  Sciences  Pures  et  Appliquees. 

Vol.  i.,  No.  21,  November  15,  1890. 

A  New  Type  of  Chemical  Compound:  Nickel 
Tetracarbonyl. — L.  Mond,  Carl  Langer,  and  F.  Quincke. 
— This  memoir  is  found  in  the  Chemical  News,  vol.  ixii., 
p.  97.  The  authors  are  here  described  as  three  English 
chemists. 

Discovery  of  Free  Fluorine  in  Nature. — MM. 
Becquerel  and  Moisson. — Noticed  under  Comptes  Rendus. 

No.  22,  November  30,  1890. 

The  Probable  Cause  of  the  Adtino-eletftric  Pheno¬ 
mena.  —  HH.  Lenard  and  Wolf,  examining  certain 
phenomena  by  Hertz  and  by  Nodon,  find  that  the  ultra¬ 
violet  light  pulverises  certain  bodies,  and  that  eledricity 
j  is  carried  off  by  particles  torn  from  their  surface.  Some 
metals,  copper  in  particular,  are  very  decidedly  com¬ 
minuted  under  the  influence  of  the  ultra-violet  light. 

Revue  Universelle  des  Mines  et  de  la  Metallurgie. 
Series  3,  Vol.  xi.,  No.  2. 

On  the  Spontaneous  Combustion  of  Coal. — Prof. 
Lewes. — A  paper  read  before  the  Institution  of  Naval 
Architects. 

Bulletin  de  la  Societe  d' Encouragement  pour  P Industrie 
Nationale.  Series  4,  Vol.  v.,  No.  57. 

This  issue  contains  no  chemical  matter. 
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Bulletin  de  la  Societe  Chimique  de  Paris. 

Series  3,  Vol.  iv.,  No.  8. 

Bleaching  Bees’-Wax  and  Composition  of  White 
Wax. — A.  and  P.  Buisine. — Wax  is  most  frequently 
bleached  by  simple  exposure  in  thin  shavings  to  air  and 
light,  especially  to  the  diredt  rays  of  the  sun.  In  the 
dark  it  is  not  decolorised  even  in  a  current  of  strongly 
ozonised  oxygen.  In  air-bleaching  pure  yellow  waxes 
lose  only  from  1  to  2  per  cent  of  their  weight  ;  the 
melting-point  remains  sensibly  the  same  ;  there  are 
formed  mere  traces  of  acids  soluble  in  water  ;  the 
free  and  combined  acids  remain  within  the  limits  fixed 
for  yellow  waxes.  The  quantity  of  carbides  is  decreased, 
and  the  “  iodine  figure”  is  lowered  about  by  one  hall. 
In  pradtice  from  3  to  5  per  cent  of  tallow  is  always 
added  to  yellow  wax  before  bleaching.  The  chief  reason 
for  this  addition  is  that  pure  air-bleached  wax  is  too 
brittle.  With  the  addition  of  tallow  the  bleaching  is 
more  rapid,  and  the  furnished  produdt  is  whiter.  The 
oleic  acid  contained  in  the  tallow  assists  in  the  combus¬ 
tion  of  the  colouring  matters.  Oil  of  turpentine  added 
in  small  quantity  adts  in  the  same  manner  as  tallow. 
Wax  may  also  be  bleached  by  being  kept  in  fusion  in 
presence  of  animal  charcoal,  which  retains  all  the  colour¬ 
ing.  On  filtration  the  wax  is  obtained  quite  colourless. 
Certain  oxidising  agents,  such  as  permanganates  and  di¬ 
chromates  in  acid  solutions  and  oxygenated  water,  give 
good  results.  Reducing  agents,  such  as  sulphurous  acid, 
sulphites,  hydrosulphites,  &c.,  do  not  adt  upon  the  colour¬ 
ing  matter  of  waxes.  Chlorine  removes  the  colour,  but 
it  is  absorbed  in  equivalent  proportions;  the  constitution 
of  the  wax  is  profoundly  modified  so  as  to  render  it  unfit 
for  use.  The  iodine  figure  of  a  pure  yellow  wax  having 
been  found  ii-23  became  after  bleaching  with  animal 
charcoal  ii‘36  ;  on  bleaching  with  permanganate  5’8o,  and 
after  treatment  with  dichromate  7^94  and  in  another 
sample  i'o8. 

On  the  Constitution  of  Benzo-pinacolline. — MM. 
Maurice  Delacre.  —  The  author  contests  the  formula 
ascribed  to  this  compound  by  Butlerow. 

On  a  Characteristic  Reaction  of  Cocaine. — A.  J. 
Ferreira  da  Silva. — The  author,  after  pointing  out  the 
objections  to  the  physiological  tests  for  cocaine,  and  the 
absence  of  a  characteristic  colour  reaction,  shows  that  it 
may  be  identified  by  the  production  of  a  certain  odour. 
A  small  portion  of  cocaine  or  of  one  of  its  salts  in  the 
solid  state,  or  the  residue  from  the  evaporation  of  one  of 
its  solutions  in  the  water-bath,  is  treated  with  a  few  drops 
of  fuming  nitric  acid,  specific  gravity  ivj.,  evaporated  to 
dryness  in  the  water-bath,  the  residue  treated  with  or.e  or  f 
two  drops  of  a  strong  alcoholic  solution  of  potassn.  On 
mixing  well  with  a  glass  rod,  there  is  perceived  a  distindt 
odour  like  that  of  peppermint.  This  reaction  is  not 
merely  charadteristic  but  very  sensitive.  The  author  has 
been  able  to  detedt  by  this  means  a  demidecimilligramme 
of  cocaine. 

Equilibria  and  Reciprocal  Displacements  of  the 
Volatile  Alkalies. — M.  Berthelot. — Chemical  statics  is 
governed  by  two  principles :  that  of  maximum  work,  which 
merely  takes  account  of  the  internal  energies  of  the 
systems,  and  determines  the  exothermic  reactions,  whilst 
the  principle  of  dissociation  causes  an  intervention  of  the 
external  calorific  energies,  and  determines  the  endo¬ 
thermic  readtion.  The  concourse  of  these  principles 
permits  us  to  explain  all  chemical  phenomena,  and 
especially  the  reciprocal  adtions  of  acids  and  bases  in  a 
state  of  solution.  If  the  original  bodies  or  produdts 
experience  no  dissociation,  and  if  they  are  in  conditions 
favourable  for  the  readtion,  the  magnitude  1  f  the  heats 
evolved  alone  determines  the  phenomena.  But  if  certain 
o*  the  initial  bodies  or  produdts  are  capable  of  dissocia¬ 
tion,  account  must  be  taken  of  its  existence  and  degree. 
If  we  have,  e.g.,  a  dissolved  salt  partly  dissociated  into 
free  acid  and  base,  the  whole  forming  a  system  in  | 
equilibrium.  Let  us  add  another  base  ;  whatever  may  be  1 


its  relative  force  it  will  necessarily  tend  to  appropriate  a 
fundtion  of  the  free  acid  resulting  from  the  dissociation  of 
the  antagonistic  salt.  Hence  the  primitive  equilibrium 
will  be  disturbed,  and  a  new  portion  of  the  original  salt 
will  be  dissociated,  regenerating  some  portion  of  acid 
which  will  be  taken  up  in  its  turn  by  the  second  base.  If 
the  salt  of  the  second  base  is  capable  of  being  eliminated 
by  insolubility  or  volatility,  we  come  to  the  application 
of  the  laws  of  Berthollet.  If,  on  the  contrary,  it  is 
soluble  and  remains  in  presence  of  the  original  bodies 
without  experiencing  any  dissociation,  it  will  tend  to 
produce  itself  to  ally  in  the  liquids,  the  base  whose  salt 
is  dissociated  being  definitely  displaced  by  the  base  which 
forms  a  salt  which  is  not  dissociated.  According  as  the 
second  base  disengages  more  or  less  heat  than  the  first, 
the  complete  reaction  may  be  either  endothermic  or 
exothermic.  In  the  two  cases  it  is  equally  the  necessary 
consequence  of  the  play  of  dissociation  conjointly  with 
that  of  the  principle  of  maximum  work;  the  former 
decomposes  the  salt  into  acid  and  base,  and  the  second 
combines  the  acid  as  it  is  set  at  liberty  with  the  other 
base.  The  author  applies  these  principles  to  piperidine, 
pyridine,  and  aniline. 

The  Determination  of  Nitrogen  as  Ammonia  by 
Means  of  Soda-Lime. — M.  Berthelot. — The  author 
performs  such  determinations  in  an  atmosphere  of  hy¬ 
drogen  kept  in  the  state  of  a  slow  current.  The  gas  is 
previously  purified  by  means  of  solutions  of  alkalies  and 
salts  of  copper.  The  objedts  gained  are  that  the  hydro¬ 
gen  expels  atmospheric  oxygen  contained  in  the  tubes 
(which  might  burn  traces  of  ammonia),  reduces  traces  of 
manganates  present  in  the  soda-lime,  and  carries  off  the 
ammonia  as  produced,  thus  avoiding  the  slow  decomposi¬ 
tion  produced  at  high  temperatures. 

The  Acetylene  Condensed  by  the  Effluve. — M. 
Berthelot.  —  Acetylene  thus  condensed  yields  a  very 
oxidisable  produdt,  which  absorbs  in  a  few  weeks  more 
than  the  fourth  of  its  weight  of  oxygen.  This  product 
presents  then  the  aspedt  of  yellowish  pellicles,  which 
deposit  a  carbonaceous  matter.  If  submitted  to  dry  dis¬ 
tillation  it  is  abruptly  decomposed,  leaving  abundance  of 
carbon  and  evolving  a  large  quantity  of  water  mixed  with 
acetic  acid  and  acetonic  liquids.  Hence  the  condensation 
effedted  by  the  effluve  is  quite  different  from  that  effedted 
by  heat,  which  towards  400'  to  500°  yields  chiefly  benzene, 
which  does  not  occur  in  the  produdts  of  the  condensation 
by  the  effluve. 

Simultaneous  Recognition  of  the  Haloid  Salts, 
and  Especially  of  Chlorides,  in  Presence  of  Bro¬ 
mides. — G.  Deniges. — (See  p.  314). 


MEETINGS  FOR  THE  WEEK. 


Saturday,  27th. — Royal  Institution,  3.  “  Frost  and  Fire  ”  (adapted 
to  a  Juvenile  Auditory),  Prof.  Dewar,  M.A., 
F.R.S.  ‘ 

Friday,  Jan.  2nd.— Quekett  Club,  8. 

-  Geologists’  Association,  8. 


OLD  PLATINUM 

In  any  form  Purchased  for  Cash. 

Highest  prices  allowed  by 

ROBERT  PRINGLE  &  CO.,  Gold  and  Silver 
Refiners,  &c.,  40  and  42,  Clerkenwell  Rd.,  E.C, 
Send  for  Price  List. 

Photographic  Residues  reduced  and  purchased. 


Cilicates  of  Soda  and  Potash  in  the  state  of 

O  Soluble  Glass,  or  in  CONCENTRATED  SOLUTION  oi  first 
quality,  suited  for  the  Manufadture  of  Soap  and  other  purposes, 
supplied  on  best  terms  by  W.  GOSSAGE  and  Sons,  Soap 
Works,  Widnes,  Lancashire. 

London  Agents,  COSTE  and  Co,,  19  and  20,  Water  Lane,  Tower 
Street,  E.C  ,  who  hold  stock  ready  for  delivery. 
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